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Chloretone 


Cl broadly serviceable hypnotic and sedative 
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Chloretone induces natural sleep. 
It acts as a sedative to the cerebral, gastric and 
| vomiting centers. 
It does not depress the heart. 
It does not disturb the digestive functions. 
It produces no objectionable after-effects. 















It does not cause habit-formation. 








INDICATIONS. 
Insomnia of pain. Senile dementia. 
Insomnia of mental strain or worry. Agitated melancholia. 
Insomnia of nervous diseases. Motor excitement of general paresis. 
Insomnia of old age. Spasmodic affections, as asthma, epi- 
Insomnia of tuberculosis. lepsy, chorea, pertussis, tetanus, etc. 
Alcoholism, delerium tremens, etc. Nausea and vomiting of anesthesia. 
Acute mania, Seasickness. 
Puerperal mania. The pains of pregnancy. 
Periodic mania. Vomiting of pregnancy. 


Chloretone has been pronounced the most satisfactory hypnotic 
and sedative available to the medical profession. 
CHLORETONE: Ounce vials. 
CHLORETONE CAPSULES: 3-grain, bottles of 100 and 500. 


CHLORETONE CAPSULES: 5-grain, bottles of 100 and 500. 
Dose, 3 to 15 grains. 


Parke, Davis & Co. 
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ORIGINAL ARTICLES 


AN INVESTIGATION OF THE CHEMICAL COMPOSITION AND 
BIOLOG:iC AVAILABILITY OF PEPTONE* 


By Lewis Davis, S.M., Detroit, Micu 


bie use of peptone in the preparation of bacteriologic culture media is advo- 

cated in the earliest works on bacteriology. While it is undoubtedly a fact 
that for many organisms ordinary beef infusion furnishes all of the necessary 
food requirements, addition of even a small amount of peptone causes a pro- 
nounced increase in growth and metabolic activity. 

Bainbridge’ and others have observed that even some of the extremely active 
putrefactive organisms are unable to attack and decompose native proteins. How- 
ever, if a small quantity of peptone or some other readily assimilable, nitrogenous 
material be present, decomposition soon takes place with rapid disappearance of 
the protein. 

That there is a specificity to the role of peptone in a culture medium, is par- 
ticularly shown by its use in the elaboration of toxin by Bact. diphtheriz, the pro- 
duction of indol by the colon bacillus and its necessary presence for the successful 
growth in vitro of such delicate organisms as the spirochetes. The early investi- 
gations of Park and Williams? have pointed out the necessity of peptone in the 
production of diphtheria toxin. Recent successful use of media containing 
tryptophane* for the production of indol by bacteria clearly shows that the func- 
tion of the peptone in Dunham’s medium is to furnish material containing 
tryptophane. 

It is readily apparent that the chemical composition of peptone has a decided 
influence on its bacteriologic availability. That this question has not received 
more attention in the past is largely due to the fact, that almost from the beginning 
of bacteriology, Witte’s peptone has served as standard in culture media prepara- 

*From the Research Laboratory, Parke, Davis & Company, Detroit, Mich. 


Read before the Laboratory Section, American Public Health Association, Cincinnati, Ohio, Oct. 
24, 1916. 





an a 


————ee 


oropermpnigae an 


a en 


- 




























70 rHE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 
tion. The present scarcity of this imported peptone and the appearance of a 
number of domestic substitutes has necessitated careful consideration of their 
biologic availabilities. ‘The present investigation was undertaken to compare the 
chemical composition as well as the utilization by bacteria of domestic peptones 
with Witte’s peptone as a standard. In the course of the study, data was obtained 
which finally led to the preparation of an experimental peptone that has been 


found entirely satisfactory for bacteriologic use and in the producton of toxins 


EXPERIMENTATION 
A. Methods of Analysis 


Samples of the various brands purchasable in the open market were obtained. 
each given a laboratory number for identification, and the examination was then 
conducted under the following captions: 

1. Physical examination including appearance, odor, solubility in cold and 
hot water and preparation of the more common culture media from each sample, 
in accordance with the Standard Methods of the A. P. H. A.* 

2. Chemical examination comprised analyses of total nitrogen, moisture, 
total mineral matter, phosphoric acid as P,O,, chlorides as NaCl, calcium as CaQ 
and determination of reaction in aqueous solution. Supplementing the above, 
qualitative determinations were made for the presence of albumoses (addition of 
saturated zinc sulphate, ammonium sulphate, picric acid solutions) protopro- 
teoses (addition of saturated sodium chloride solution, potassium ferrocvanide in 
acetic acid solution), tyrosin (xanthoproteic, Millon’s reaction) ; tryptophane 

( Adamkiewicz )-Hopkins-Cole reagent] ; creatinin (Jaffe’s reaction), the behav 
ior towards the biuret test, as well as with three volumes of 95 per cent alcohol 
and a comparison of free amino acids present. 

3. Bacteriologic examination, made in association with my colleague, H. C. 
Ward, included the determination of the conduct of various bacteria in the more 
common liquid and solid media made from each sample, growth and production 
of indol in Dunham’s solution, viability tests with sensitive organisms, and direct 
isolation of bacteria from pathologic material. Of greater delicacy than any of 
the preceding tests, the writer has found to be the production of a potent toxin 
by B. diphtheriz in ordinary (2 per cent) peptone bouillon. In fact, this test 
combined with development of indol by B. coli in Dunham’s solution has been 
employed as “a preliminary test” of bacteriologic availability in the examination 
of experimental peptones. 

For the analysis of total nitrogen, a modified Gunning method was used, 
which, while giving somewhat lower results than the official methods, was simpler 
and permitted of comparative results with equal accuracy. Moisture and tota} 
mineral matter were determined in platinum utensils in accordance with the usual 
technic. Phosphoric acid was estimated in a nitric acid solution of the ash by 
precipitation as ammonium phosphomolybdate, and dissolving in an excess of 
sodium hydroxide as employed in the volumetric estimation of total phosphoric 
acid in fertilizers.” The same solution of the ash was used for volumetric 
determinations of chlorides and calcium. The calcium was precipitated as oxalate, 


dissolved in sulphuric acid and titrated against potassium permanganate solution, 
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while the solution for chlorides was carefully neutralized with sodium hydroxide, 
and then titrated against silver nitrate solution with potassium chromate as 
indicator by Mohr’s method.°® 

Estimating proteoses by precipitation with saturated zinc sulphate solution 
according to Bomer’ was tried and gave fairly concordant results with Witte’s 
peptone which, as is known, consists largely of proteoses. Most of the other 
samples examined had so little albumoses present that qualitative examination with 
the reagents mentioned above gave all the necessary information. Direct esti 
mation of peptone nitrogen by phosphotungstic acid or bromine precipitation was 
found to be unsatisfactory. As the “tannin-salt method of Sjerning, as modified 
by Bigelow and Cook,* is dependent upon the proteose nitrogen value, this pro 
cedure could not be accurately applied for peptone valuation. Here again, the 
qualitative examination, supplemented by the biuret test, gave some idea of the 
degree of digestion of the sample. 

The reaction of the sample peptones was determined on a 1 per cent 
aqueous solution both by a hot titration method and more accurately with the 
hydrogen electrode. Tor the hot titration, 10 ¢.c. of the 1 per cent peptone 
solution were diluted with 40 c.c. of water, boiled for one minute, then titrated 
hot against N/10 sodium hydroxide, using phenolphthalein as an indicator. The 
concentration of hydrogen-ions was measured by the hydrogen electrode recom 
mended by Bovie,’ using a Weston Standard Cell, calomel electrode, galvanom 
eter, and the direct reading potentiometer described by Bartell.* Comparison 
of the free alpha amino acids present in Witte’s and the other test peptones was 
made with 1 per cent solutions, using the colorimetric method of Harding and 
Maclean’? (color produced by twenty minute boiling with pyridine and nin 
hydrin) and a Duboseq colorimeter. 

As test organisms for determining the nutrient index of peptone samples by 
subculture transfers, B. coli, staphylococcus aureus, diplococcus meningitis, strep 
tococcus pyogenes, M. catarrhalis, M. gonorrhee and B. prodigiosus were em 
ployed. The growths on slant agar at 37° C. both after 24 hours and 48 hours 
were recorded for all except B. prodigiosus which was cultivated at 20° C. 
Inoculations from these were made to a new series of agar slants and the growths 
noted, after which the above process was twice repeated. 

Dunham's solutions containing the test peptones (with 0.5 per cent sodium 
chloride) and sterilized at autoclave temperature, were used for growth and 
viability tests. Vigorous 24-hour, slant agar cultures of Staph. aureus, B. coli, 
and B. prodigiosus were emulsified with 10 c.c. of salt solution, filtered, and a 
uniform amount of suspension inoculated into a series of test peptone tubes by 
mixing with capillary and bubbling. A 1/10 c.c. sample was then removed from 
each tube and agar plates made as “controls.” These were incubated at the opti 
mum temperatures and counted. The peptone tube cultures were now grown for 
24 hours and plates again made as before, the same procedure being repeated at 72 
hours and 96 hours. 

For the indol valuations, the same (Dunham’s peptone) solutions as above 


*Paper read before the Biological Section, American Chemical Society, New York City, Sept. 27, 1916. 
This paper has now appeared in Jour. Am. Chem. Soc., 1917, xxxix, 4, 630 
The work on hydrogen-ion concentration was done at the University 


the laboratory of Prof. Bartell, to whom the writer’s sincere thanks are due. 


of Michigan, Ann Arbor, in 
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were employed. Four cultures of B. coli of known indol-producing capacity 
(with Witte’s peptone) were selected, together with a culture of B. typhosus as a 
“negative control.” Uniform, comparable, suspensions in sterile salt solution of a 
24-hour slant agar culture of each of the organisms were made and 1 c.c. of each 
culture suspension added to sets of sample peptone tubes. The tubes were incu- 
bated at 37° C. for 96 hours, then qualitative indol determinations were made by 
of a 10 per cent sulphuric acid solution, thoroughly mixing, and 


adding 1 c.c. 
of a freshly made 0.01 per cent solution of 


then adding without mixing 1 c.c. 
sodium nitrite. The formation of the well-known purplish red, nitroso-indol ring 
of Salkowski"! on standing in the cold for fifteen minutes indicated presence of 
indol, a record being made of the intensity of the ring. Although this test is not 
as delicate as the modified test of Ehrlich,'* it was deemed of more practical 
significance, since for the case in hand indol should be formed in appreciable 
quantity to be of value as a diagnostic index. 

Comment has already been made upon the importance of diphtheria toxin 
production in valuing a peptone sample. The test culture employed was of known 
toxin-producing power and gave rapid and abundant pellicle formation in ordinary 
2 per cent peptone (Witte) bouillon. A reaction oi the bouillon corresponding to 
a hydrogen-ion concentration of 1x10°°* (+5 on the Fuller Scale) before steriliza 
tion was found to give the best results. On sterilizing such a medium in an auto- 
clave at 115° C. for 20 minutes, the reaction rises to about +10 on the Fuller 
Seale (Cj = 3x10°) which permits of rapid and vigorous growth. 

In order to accustom the organism to any variations due to the test peptone, 
“starter” flasks containing 30 c.c. of bouillon in a 250 c.c. flask were first inocu- 
lated, cultured for 24 hours at 37° C., the purity of the growths checked, and the 
contents aseptically transferred to 3 liters of the same bouillon in 6 liter flasks. 
\fter incubating for 12 days at 37° C., examination for purity was made, 0.4 per 
cent trikresol added, allowed to stand 24 hours, then filtered. 

Since diphtheria toxin is usually employed for immunization purposes, the 
strength of the toxins prepared as above was estimated by the L, + dose in accord- 
ance with the Hygienic Laboratory Method.’* An interesting fact noted in culti- 
vating Bact. diphtheriz for toxin production was, that while the growth in larger 
flasks showed no gross difference from that obtained in small flasks, other condi- 
tions being the same, there was a marked variation in both toxicity and final reac- 
tion. Thus, 500 c.c. of bouillon in a liter flask invariably gave a weaker toxin and 
final alkaline reaction to phenolphthalein, while 3000 c.c. in a six liter flask gave a 
stronger toxin with final acid reaction to phenolphthalein. Large flasks were ac- 
cordingly employed for all toxin cultivation with test peptones. 

No preliminary cultivation was found necessary for the production of tetanus 
toxin. A virulent culture of B. tetani was used in glucose bouillon (2 per cent 
peptone) with oil, incubation carried on for three weeks at 37° C., examination 
for purity then made, and the same procedure followed as with diphtheria toxin. 
In accordance with the usual practice, the strength was determined by an approxi- 
mate estimation of the minimum lethal dose, as recommended by Rosenau and 


Anderson.** 


*The relationsh’p of hydrogen-ion concentration to toxigenicity of Bact. diphtherie is being studied, 
and will appear in a later paper. 
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Lb. Laboratory Results 


Exclusive of experimental products, seven different brands of bacteriologic 
peptone were examined. These comprised samples of Witte’s and six domestic 
products which are grouped in the succeeding tables of results under the caption 
of “American Brands.” In addition to the preceding, there are included in the 
comparisons, two experimental products designated as “Exp. No. 1” and “Exp. 
No. 2,” respectively. The first of these two peptones, after the basic constituents 
had been determined upon, was devised so as to give a product having as nearly 
as possible the same general reactions and gross chemical composition as Witte’s 
peptone. Further work on bacterial utilization of peptones showing among other 
factors, greater degrees of hydrolysis than experimental No. 1, led to the prepa 
ration of the second of the two experimental products given in the tables. In all 
cases, the results tabulated in the foregoing are based on at least three separate 
samples of each brand, duplicate determinations having been made with each 
sample. 

The physical examination, as may be noted from Table I, shows the general 
appearance of the various brands to be nearly the same. Only two products 
(No. 51 and No. 125) evidenced a decidedly unpleasant odor, the odor in one 
case (No. 51) being apparently due to microbial decomposition, as the moisture 
content of this sample was high. 

\ marked difference of solubility in water (2 per cent solution) is found 
between Witte’s peptone and all the other brands examined. While the former 
dissolves only with difficulty in cold water and leaves a bulky residue on boiling, 
all of the other products readily go into solution in the cold, and leave only a 
small precipitate on boiling. Results obtained with experimental samples indi 
cate that this residue given by Witte’s peptone is partly due to its higher content 
of proteoses and other protein degradation products. In two cases (No. 51 and 
No. 138) the precipitate obtained was colloidal in nature, filtered with difficulty, 
and gave turbid bouillon and Dunham’s solution, but had no effect on the agar. 
Media prepared from four of the samples (Nos. 51, 67, 126, and 138) were con- 
siderably more darkened than would be expected as a result of autoclave 
sterilization. 

Table II shows that all of the brands examined give a strong xanthoproteic 
reaction indicating presence of tyrosin which is confirmed by the behavior with 
Millon’s reagent. ‘T'ryptophane is shown by a strong Hopkins-Cole (Adam- 
kiewicz) reaction in Witte’s peptone, both experimental products, No. 51, and 
No. 126. Creatinine, as given by Jaffe’s reaction, is present in perceptible amount 
in No. 138, and to lesser extent in Nos. 67, 126, and 132. Excluding the first 
experimental product which was prepared so as to contain albumoses in quantity, 
Witte’s peptone is the only product showing an appreciable portion of albumoses 
as measured by the reactions with saturated ammonium sulphate, zinc sulphate 
and picric acid solutions. A small amount of primary proteoses in Witte’s pep- 
tone is revealed by the precipitates obtained with copper sulphate (biuret test) 
and on addition of potassium ferrocyanide solution to an acetic acidified solution 
of the peptone. That this substance is not present in appreciable quantity, 1s 
shown by the absence of precipitate with the saturated sodium chloride reagent. 
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Both the biuret reaction and the behavior towards three volumes of 95 per 
cent alcohol were used as comparative tests to determine similarity with Witte’s 
peptone rather than to detect any specific substance. Although the “biuret” color 
obtained with most of the sampies, when the reaction was performed under uni- 
form conditions, might be characterized as pink, there was still a considerable 
difference in the intensity of this color. From experimental preparations, it 
appears possible that the color factor is influenced by the degree and manner 
of hydrolizing the constituent proteins. All of the American brands appear to be 


nearly completely soluble in three volumes of 95 per cent alcohol, while both 


Witte’s and the experimental products show small precipitates with this reagent. 


TABLE III 


ANALYSES OF PEPTONE SAMPLES 


AMERICAN BRANDS E Fx 
Xp. UXp. 
No. 5] No. 67 No. 125 No. 126 No. 132 No. 138 Witte No. 1 No. 2 
Total 10.91% 13.50% 13.78% 1241% 15.56% 12.42% 14.52% 14.35% 14.25% 
Nitrogen 
Moisture 8.84% 5.52% 5.08% 10.20% 4.82% 6.43% 6.35% 5.13% 4.3% 
\sl 13.71% 8.20% 3.98% 13.01% 3.92% 10.13% 3.44% 4.06% 2.86% 
Phosphoric 0.18% 0.96% 1.66% 1.64% 1.05% 2.11% 0.42% 0.75% 1.02% 
Acid as 
P.O, in ash 
Calcium 0.80% 0.45% 0.82% 0.52% 0.51% 0.70% 1.08% 1.13% 0.10% 
as CaO 
in ash 
Chlorides 7.70% 3.72% 0.13% 5.67% 0.26% 2.39% 0.54% 0.72% 0.35% 
as NaCl 
in ash 
Reaction 9 +13 +15 +14 +11 +23 +6 +10 +13 
(1% sol.) 
Fuller 
Scale 
H-ion 7.6x 5.0x 6.1x 5.8x 4.3x 8.0x 3.2x 6.8x 
Conc'n 10-7 10-6 10-7 10-7 10-6 10-6 10-7 10-7 
(1% sol.) 
Ratio 1.07 1.75 2.05 2.00 1.75 3.12 1.00 2.22 
Amino 
Acids 
(Witte =1) 


The analytical data presented in Table III, shows that not only is there < 
marked variation among the domestic products themselves, but also a difference 
from Witte’s and the experimental products. The total nitrogen ranges from 
10.91 per cent (No. 51) to 15.56 per cent (No. 132) with the “normal” as given 
by Witte’s peptone, about 14.5 per cent. Moisture seems to be a more nearly 
constant factor, the average being about 6 per cent and only two samples (No. 
51 and No. 126) show amounts above 8 per cent. These same samples also have 
the highest content of mineral matter, both over 13 per cent, and the lowest 
amount is shown by experimental No. 2 with less than 3 per cent. In all cases, 
the high ash content is found to consist mostly of chlorides, probably sodium 
chloride, and with one exception (No. 51), phosphates in addition. Calcium 
appears to be a predominant constituent in the ash of Witte’s peptone and also 
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in the first of the experimental products. Most of the domestic samples appear 
to have this cation present in only about half the amount shown by the two brands 
mentioned. 

Comparison of the acidity which 1 per cent aqueous solutions of the various 
brands give by the hot titration method shows Witte’s peptone to have a value 
of +6 (Fuller Scale) against more than twice this amount recorded for nearly 
all of the other brands. The fallacy of “hot titration” and the errors in the use of 
phenolphthalein as an indicator for culture media reactions have been ably 
pointed out by Clark.’® Determination of the actual hydrogen-ion concentration 
of these peptone solutions by the gas cell show three brands (Nos. 67, 132, and 
138) to have what might be termed an appreciable acidity, above 4x 10°, while 
the remainder are very nearly neutral. It is interesting to note, as substantiating 
the findings of Clark, that two of these three more acid peptones, Nos. 67, and 
132, actually show Jess acidity by hot titration (+ 13, +11) than do peptones of 
smaller hydrogen-ion concentration, like No. 125, and No. 126, with values of 

15 and + 14, respectively (Fuller Scale). 

The fact that Witte’s peptone, as may be noted from Table II, is the least 
digested of any of the other brands examined, suggested the possibility that the 
acidity of a peptone solution when valued by hot titration is intimately associated 
with the amount of free amino acids present. Using Witte’s peptone as a standard, 
colorimetric comparison of the amount of free amino acids in the various samples 
shows this to be the case. In other words, the high titration values are given by 
the products having higher amounts of free amino acids present. Aside from 
peptone No. 138 and Witte’s, which represent the two extremes, the true reaction 
of the other products, as measured by their hydrogen-ion concentration, appears 
to bear no relationship to the free amino acids present. 

In determining the nutritive value of peptones for general bacterial require- 
ments, biologic tests are desirable which will give a definite, quantitative estima- 
tion. As a consequence, subculture transfers on slant agar in accordance with 
the method already outlined gave no satisfactory comparisons. The more deli- 
cate organisms, like the meningococcus, M. catarrhalis and M. gonorrhee showed 
no viability on any peptone agar after the fifth or sixth transfer, while the more 
common semiparasitic types, which are not as complex in their food require- 
ments, gave luxuriant growth with all of the peptones examined. 

Attempts to value the peptone samples by agar plate estimations, as described 
under “Methods of Analysis,” were abandoned. The organisms employed grew 
so luxuriantly in Dunham’s solutions, made from all of the test peptones, that 
flocculent precipitates were formed which interfered with accurate counts by the 
place method. Direct isolation of bacteria from pathologic material by use of 
media incorporating the test peptones appears to be a more promising index of 
nutritive value. This, however, is necessarily a slow process and comparative 
data to be used for this purpose is still accumulating. In view of the preceding, 
more significance was attached in valuing a sample to its utilization in the produc- 
tion of toxins and also, but to a lesser extent, in the formation of indol. It is ap- 
preciated that bacteriologists do not regard indol formation, per se, as of para- 
mount importance, yet it will be conceded that a peptone which does not permit 
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of indol production would not be considered as practical for bacteriologic appli 


cation. Aside from the practical importance of toxins in the production of anti 


toxins and of indol formation in the sense just discussed, both of these products 


are capable of quantitative measurement. 


TABLE IV 


BACTERIAL UTILIZATION OF SAMPLE PEPTONES 


GROWTH GROWTH INDOL PRO 
GROWTH B. DIPH I DOS! M. F. DOSE 
TEST 7 - B. TETANI BR. COLI IN DUCTION B 
THERLE IN 2% DIPHTHERIA TETANUS : 
EPTONI GLUCOSE DUNHAM'S COLI IN DUN 
,;OUTILLON rOXIN rOXIN ° 
BOUILLON SOI HAMS SOI 
N 51 Slow Thin \bove Vigorous 0.33 Cc. Heavy NIodet ite 
pelli kk ] 5 Cc. 
No. 67 Scant—No \bove Vigorous 0.25 c.c Heavy Faint 
pe lhicle 1.5 Cc. 
No. 125 Moderate \bove Vigorous 0.25 c.c Heavy Small 
Thin pellicle LS €x 
No 126 iN aipid and vigor l 5 €.¢< \ 1gorous 0.25 es Heavy Stron ’ 
us. Heavy pellicle 
No. 132 Scant—No \bove Vigorous 0.25 cx Heavy Faint 
pellicle 1.5 c.c 
No. 138 Scant—No \bove Vigorous 0.25 c.c Heavy Faint 
pellicle 1.5 c.¢ 
Witte Rapid and vigor- 0.33 c.c Vigorous 0.25 c.c Moderate Moderate 
I 
us. Heavy pellicle 
Exp. No. 1 Rapid and vigor- 0.40 c.c Vigorous 0.25 c.c Heavy Very 
us. Heavy pellicle strong 
Ex] No 2 Rapid and vigor- 0 15 cL Vigorous 0.25 c.c Heavy Ver 
strong 


ous. Heavy pellicle 


The results given in Table 1V, show that only one of the domestic brands 
(No. 126) when incorporated into bouillon permits of vigorous growth and pel- 


licle formation by the diphtheria bacillus. Luxuriant growth and heavy pellicle 


formation by Bact. diphtheriz do not necessarily indicate strong toxin production 
as shown by the fact that the toxin in this case required 1.5 c.c. for an L, + dose. 
Witte’s peptone, as is known, also gives good growth, but a toxin of almost five 
times the strength (1, + dose 0.33 c.c.). The most potent product, however, was 
furnished by “Experimental No. 2” with an average L, + dose less than half that 
of Witte’s (0.15 c.c.). Individual tests of toxins prepared with peptones made in 
a similar way have shown even higher toxicities (1, + dose 0.10). 

All of the products examined permit of vigorous growth and strong toxin 
Tests with experimental preparations show that many 


formation with B. tetani. 
As may be further noted from the table, 


hydrolized proteins have this capacity. 
heavy growth of B. coli was obtained with all of the products except Witte’s 


when used in Dunham’s media. With the Witte samples, the growth is moderate 


and diffused throughout the tube, and has no tendency toward precipitation as 


found with some of the other products. Corroborating the tests made for trypto- 
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phane given in Table II, the experimental products are found to give the strong- 
est indol tests, with No. 126 next, while Witte’s and No. 51 follow, both showing 
about the same intensity of color formation. Here again as with diphtheria toxin, 


luxuriance of growth is found to be no criterion of indol formation. 


DISCUSSION 


Consideration of the data presented in the preceding brings into question the 
value of the examinations, and the significance of the results obtained. In the 
final analysis, the value of any product must be gauged by the manner in which it 
fulfills practical requirements. With a substance like peptone, the point at issue 
is not whether it is in granular form or powdered, not whether it has a certain 
quantity of total nitrogen or chlorides, but how does it on practical test meet the 
needs of the bacteriologist. In other words, the product, to be of value, must 
contribute to the nutritive requirements of the ordinary saprophytic and parasitic 
organisms and vet be of sufficient flexibility in its constitution so as to furnish 
potent toxins or permit of tracing decomposition changes produced by an organ 
ism, as for example the elaboration of indol or the production of hydrogen sul 
phide. Illustrative of these versatility requirements is the fact that Witte’s pep 
tone is emploved to advantage in the preparation of the complex media required 
for cultivating the spirochetes. 

Based on these premises, the actual bacteriologic application of test peptones 
by incorporation in culture media is the crucial test of value. Aside from giving 
information as to the appearance of the media, the physical properties of a peptone 
are only of passing importance. (Quantitative chemical analyses for the gross 
constituents are merely of value as means of controlling uniformity, once the 
general requirements for satisfactory peptone are established. ‘Thus, a big defi 
ciency in nitrogenous constituents as measured by total nitrogen, an actual, exces 
sive acidity, or a large amount of mineral matter are undesirable factors revealed 
by such analyses. It must be borne in mind, in this connection, that the usual con 
centration in which the peptone is to be employed rarely exceeds 2 per cent. 

More important information as to the applicability of a peptone for bac 
teriologic purposes is furnished by the qualitative examination for amino acids 
and other hydrolysis products. All protein bodies may be regarded as built up of 
a certain number of “bricks,” of which amino acids play the most important part. 
Peptone, which is a protein degradation product actually has present a certain 
amount of amino acids in the free state, (Compare Table III), the amount de 
pending on the method of preparation employed. 

The value of the peptone in bacterial nutrition will be governed entirely by 
the “bricks” present which can be utilized by the bacteria. While some of these 
basic constituents are absolutely necessary for the maintenance of bacterial life 
and development, others in turn will be utilized, if present, for the production of 
certain, so to speak, “by-products,” not essential to metabolism. Thus, as shown 
by the results given in Tables II and IV, the products containing appreciable 
quantities of tryptophane are found to give marked indol formation with B. coll. 
This, in a measure, also explains why Bact. diphtheriae can grow luxuriantly as in 


No. 126 without strong toxin formation. The results obtained in the study at 
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hand show, that among others tyrosin, as well as tryptophane, is an important con- 
stituent of a satisfactory bacteriologic peptone. 

The bacteriologic data presented in Table IV show that the domestic prod- 
ucts examined give either weak or no diphtheria toxin, while Witte’s gives a 
decidedly potent product. On the basis of the above statements, this should be 
due to the presence of “bricks” in Witte’s which are not present in the other 
brands. The validity of this hypothesis is shown by the fact that an experimental 
product (Experimental No. 1) devised so as to contain as nearly as possible the 
basic constituents of Witte’s peptone and hydrolized to the same degree, gives very 
nearly the same results on practical, bacteriologic, and toxin tests. 

From theoretical considerations the more simple the essential basic constitu 
ents are, the better will they be utilized by bacteria. Experimentation along this 
line has resulted in the preparation of a product (Experimental No. 2) which 
among other factors, has been hydrolized to a much greater degree than either 
Witte’s peptone or the first experimental product. Table IV shows that where a 
measure of bacteriologic utilization is possible, as in production of diphtheria 
toxin, more than twice the potency is obtained. The results with other organisms, 
taking into consideration the limitations of such findings, fully substantiate the 
superior nutritive properties of the product. 


SUMMARY 


1. Physical properties and gross chemical analyses are of secondary impor- 
tance in estimating the bacteriologic availability of peptones. More valuable 
information is given by determination of the protein hydrolysis products present. 

2. Comparative values of practical importance are best furnished by certain 
biologic tests permitting of quantitative estimation. These are the elaboration of 
diphtheria and tetanus toxins, and to a lesser extent, the production of indol. 

3. Domestic peptones furnish satisfactory tetanus toxin, but are unable to 
give a potent diphtheria toxin,—a property possessed by Witte’s peptone. Indol 
producing power is shown by some of the domestic products as well as by Witte’s 


peptone. 

4. An experimental peptone is described which answers all the requirements 
of bacteriologic use, including the production of diphtheria and tetanus toxins, 
possessing superior activity. 
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A TENTATIVE EXPLANATION OF THE MECHANISM OF HEMOLYSIS 
ASSOCIATED WITH LOSS OF WATER, AND THE BEARING OF 
THE PHENOMENON ON CERTAIN BIOLOGIC PROBLEMS* 


By C. C. GuturigE, M.D., PuD., Pittsspurcnu, PA. 


[' seems most probable that information leading to a better understanding of 
certain ultimate biologic processes will be achieved through the acquisition of 
more facts concerning the cell and its component parts. Naturally, questions con- 
cerning the morphologic and physicochemical properties of cell surfaces must be 
thoroughly understood before great progress can be made. For, the many-sided 
activities carried on between the interior cell substances and its surroundings must 
be understood before it is possible to unravel the ultimate questions concerned with 
intracellular metabolism. Therefore, hemolytic studies of any nature whatsoever 
should receive the most careful scrutiny and consideration from biologists repre 
senting the different fields in biology, in order to insure that observations of a 
fundamental character may not be overlooked. Other studies directed to the 
elucidation of facts concerning cell membrane properties using phenomena other 
than hemolysis, such as changes in irritability, reproduction, etc., are not of less 
importance, but in many instances the observations are subject to much greater 
error than is the case in hemolysis. 
CLASSIFICATION OF HEMOLYSIS 


Agencies capable of producing hemolysis have been classified by Stewart? 
as follows: (1) mechanical means (pressure, trituration, shaking) ; (2) physical 
changes (freezing and thawing, heat, condenser discharges, water, drying and 
subsequent exposure to salt solutions) ; (3) chemical agents (saponin, bile salts, 
ether, chloroform, acids, alkalies, etc.) ; (4) biologic agents (the specific hemoly- 
sins—including the bodies active in putrefactive hemolysis, spontaneous laking, 
autolysis). 

In regard to such classification, however, he says that it is “not a strict one, 
although it is useful for purposes of description. It is quite probable, for ex- 
ample, that interchange of water between the corpuscles and the suspending 
liquid is produced by the first group and that chemical changes are produced by the 
On the other hand, physical effects are unquestionably concerned in the 
In 


second. 
action of such reagents as saponin, which dissolve cholesterin and lecithin. 


biologic hemolysis, properly so-called, both chemical and physical reactions are 
also in all probability concerned.” 

The writer’s interest in this subject is first indicated by a publication in 1903, 
entitled “The Laking of Dried Red Blood Corpuscles.”* ‘Though prior to that 
time the phenomenon had been observed,* nothing approaching a systematic study 
was found in the literature. 

The action of a large number of reagents on the dried red corpuscles of man, 
the dog, cow, rabbit, chicken, and frog was studied. 


*From the Physiological Laboratory, University of Pittsburgh 
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Blood films were spread on glass slides and allowed to dry, after which a 
cover slip was applied and the slide examined with the microscope. A drop of the 
reagent was then placed on the slide at the margin of the cover slip so that it 
would spread into the preparation, and the result was then observed. 

Rapid laking was produced by addition of the animal’s own, or the serum 
of another animal; or by the addition of iso- or hypertonic aqueous solutions of 
nonelectrolytes and electrolytes except such as readily convert the hemoglobin into 
insoluble substances ; e. g., strong solutions of alcohol or of sodium hydroxide. 

The precise amount of water which it-was necessary to remove from the 
corpuscles in order to produce the alteration in the envelope, or stroma, on which 
the action depended, was not exactly determined; but experiment showed that it 
was necessary to remove some of the intracorpuscular water in addition to extra 
corpuscular water. 

When gradual drying takes place in a wet blood mount, the corpuscles at the 
edges become enlarged, and extensive laking occurs. 

Consideration of these results led to the belief that a better insight into the 
mechanisms involved might be obtained by studies of laking associated with loss 
of water by means other than evaporation, as by the application of hypertonic 


salt solutions, or by freezing and thawing. 
HEMOLYSIS BY HYPERTONIC SOLUTIONS 


With this in view, the hemolytic properties of hypertonic solutions of a num- 
ber of relatively inert inorganic salts and other substances, including the chlorides 
of Na, Kk, Mg, Ca, and Ba; the sulphates of Na, K, Mg; cane sugar and glycerine 
were studied. From the results it seemed that the degree of laking by hypertonic 
sodium chloride solutions or by hypertonic solutions of other inert salts depended 
upon the concentration of the solution; that in hypertonic solutions of inert sub- 
stances in equimolecular concentrations, laking was not the same in all; that in 
equimolecular hypertonic concentrations, the chlorine salts were more powerful 
than the corresponding sulphates ; and that nonelectrolytic solutions as cane sugar 
and glycerine, in hypertonic concentration produced laking, and this varied with 
the concentration of the solution. 

\t the time of publishing these results I was unaware that a few months 
previously Herzfeld*® had published results of a similar study. He observed 
some difference in the resistance of corpuscles of different animals. Using 30 
per cent NaCl he observed complete hemolysis of human blood in five minutes 
and of dog’s in 20 to 25 minutes, and a greater resistance in rabbit’s blood. Brah- 
machari,® who prior to Herzfeld had studied hemolysis by hypertonic solutions, 
also observed greater resistance of rabbit’s blood to laking by strong sodium 


chloride solution. 
HEMOLYSIS BY FREEZING AND THAWING 


It was observed that blood could be repeatedly frozen and thawed, as in 
freezing point measurements, with slight or no laking. But when blood was ex- 
posed for some time to a temperature considerably below the freezing point, on 


thawing strong laking occurred. 
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ft cooling was neces 


xperiments were performed to determine what degree 
sary to cause laking, and to study the relation of the degree of laking to the 
length of time of exposure to such temperature.’ 

The blood of various animals including ox, dog, cat, and fowl were used. No 
marked differences in the behavior of the different bloods was observed. The 
results showed that slight or no laking occurred when the temperature of the 
blood was sufficiently lowered for the formation of cr\ stals of ice if the blood 
was maintained at this temperature but a short time; that when maintained at a 
temperature between a point slightly lower than the freezing point and -1.0° C. 
for ten minutes or more, laking occurred after room temperature had been restored 
for some time; and that the degree of laking, within limits, varied with the degree 
to which the temperature was lowered, and with the length of time the low 


temperature was maintained. 
DISCUSSION 


The mechanism of hemolysis by hypertonic solutions of salts of a neutral 
chemical character that do not readily penetrate cell membranes is obscure, though 
numerous possibilities exist and explanations have been offered. Brahmachari 
suggests that hypertonic solutions of sodium chloride lake by uniting with some 
cellular constituent and thus alter its normal properties. If this is true, it would 
seem that such union is at least of doubtful chemical character; for a number of 
inorganic salts as well as cane sugar and glycerine in hypertonic solution may cause 
iaking. 

rom our knowledge of the morphology, chemistry, and the physicochemical 
relationships existing in cell membranes, it would seem that the action of salts in 
changing the physicochemical state of the proteins, as by precipitation or by a les 
ser change in the colloidal arrangement, may be an important factor. Lipoid and 
lipoid-like substances as lecithin and cholesterin are generally believed to be con 
cerned in the formation of such membranes. Perhaps some type of union between 
these and other substances with protein constituents existing normally® are dis 
rupted by salt action in such a manner that the normal architecture, so to speak, is 
irreparably injured. Since water is an ever present and essential constituent of all 
such structures, its withdrawal below a certain limit in itself may lead to or con 
tribute to such a result. However this may be, certain phenomena observed in 
the cells under the influence of hypertonic solutions are difficult of explanation, 
as for example, fragmentation and swelling.* In the case of fragmentation, per 
haps inequality of osmotic conditions or physical strength of the cell are factors. 
In the case of swelling or increase in size before laking, as may be observed 
under certain conditions, it is difficult to formulate a hypothesis. No doubt the 
reasons are physicochemical and in part due to change in permeability of the cell 
membrane. It would seem unlikely that a great change of the molecular concen- 
tration of the cell would occur under the conditions, yet this is indicated by the 
picture presented. It should not be overlooked, however, that the osmotic proper- 
ties presented by living cells may be quite different from those present after 
death.’ Therefore, toxic action of hemolytic agents, (toxic being used in the 


sense that the presence of substances presenting this quality is incompatible with 
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retention of cellular vitality due, for example, to production of asphyxiation) , 


may be an important factor in concomitant lytic processes. 

Neither is the mechanism of laking by freezing and thawing" understood 
Since it is known that drying through evaporation will cause laking, it is possible 
that drying through crystallization of water’? may account for laking by freezing. 
But again, since it is known that hypertonic solutions may cause laking, and since 
there is evidence that the freezing point of serum is somewhat higher than that of 
the intracellular liquids and, therefore, in freezing, a concentration of the serum 
occurs, it may be that such laking is fundamentally the same as laking by hyper 
tonic solutions. Another consideration is that in thawing, water is liberated from 
the ice crystals and if the process be rapid, there is a possibility that uniform re 
admixture with the salts may not instantly take place—hence anisotonic conditions 
occur. The belief that frozen tissues have a better chance of surviving when slowly 


thawed points in this direction. 
GENERAL CONSIDERATIONS 


Such phenomena are of wide biologic interest. From this standpoint it is 
necessary to consider the effects of evaporation, hypertonic solutions and freez- 
ing and thawing upon multicellular organisms as a whole as well as upon individual 
cells. 

\ good example is the effect of evaporation upon frogs particularly in regard 
to body weight and function. Such studies gave very interesting results as regards 
the great loss of water that may rapidly take place without destruction of life; 
the very rapid taking up of water under such conditions; and the increase of the 
body weight.’* Placed in wire cages in the air of the laboratory a very rapid 
loss of weight occurred, amounting in twenty-four hours to as much as 40 per 
cent to 45 per cent of the original weight. If the loss was not greater than this, 
recovery might take place if the animal were placed in water. The gain in weight 
was very rapid, the total weight within four hours amounting to as much as 121 
per cent of the original weight, or 200 per cent of the weight after drying. Don- 
aldson and Schoemaker' observed a great difference in the water content of 
frogs at different seasons. Durig'® made more extensive observations upon the 
loss of water through evaporation and studied the effect upon body weight and 
upon tissue functions. In muscle-nerve studies on dried frogs, he in general 
observed decrease in the activities, which is in agreement with the statement of 
Davenport’® in summing up the role of water that “it is essential to movement and 
those chemical processes which constitute metabolism.” 

It is a common experience in the physiologic laboratory to observe increased 
irritability of isolated nerves through evaporation. As a rule, hypertonic salt 
solutions irritate. A large number of substances both electrolytic and non- 
electrolytic that have the common property of being truly soluble, as salts of 
Na, K, NH, Ca, Ba, Mg, and sugar and glycerine act in this manner. 

Owing to the many statements made concerning a special inhibiting or anes- 
thetic property of magnesium salts as compared to others, it is of interest that in 
our experiments this view has received no substantiation. Indeed, direct applica- 
tion of strong solutions of magnesium salts powerfully stimulate both sensory and 
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motor nerves, as shown by Liljestrand and others."* It is true that with enormous 
doses irritability is finally abolished, but this is true with many other salts. In 
fact, it is well known that anesthesia can be produced by water alone. 

Lillie states that strong cytolytic action incidentally involves stimulation." 
In the case of the electrolytes this may be due to the electrical charges associated 
with the ions acting upon the electrical state of the colloids, associated with solu 
tion and surface tension phenomena as described by Mathews."® 

Many interesting observations have been made by experimental morphol 
ogists, zoologists and others, which serve to emphasize the very great importance 
of water content of tissues.*” Of particular interest is the existence of forms 
which in nature are subjected to sudden periods of drought, such as rotifers 
Definite protective mechanisms are found, such as the ability to encapsulate by 
means of a slimy secretion, which resist extreme desiccation. \n example of 
an interesting natural protective mechanism against low temperatures is furnished 
by the observation of Tower,?* that before hibernation the potato beetle loses 
almost one-third of its weight of water, thus leading to concentration and lower 
ing of the freezing point of its protoplasm. 

Large differences are observed between the different classes of organisms 
in their abilities to resist and survive desiccation. ‘The same is true regarding the 
ability of organisms to survive low temperatures. In the case of higher organisms 
an important consideration is the cessation of certain functions of specialized 
tissues at comparatively high temperatures after which general recovery is im 
possible. Different tissues of the same animal show marked differences in thei 
susceptibility to low temperatures as judged by their recovery. lor example, 


Cameron and Brownlee** found that recovery in frogs subjected to low tempera 


ae 


8° C. recovery does not occur. Il rog’s heart muscle survives a temperature 


tures may be prevented through injurious actions on the brain or cord. If the tis 
sues of the entire animal are maintained for two hours at a temperature of 
and 
of —2.5°, but is killed by a temperature of — 3.0°.. Other muscular tissue will sur 
vive a temperature of — 2.9°, while peripheral nerves are not killed by much lower 
temperatures. 

\ very practical consideration connected with survival of animal tissues after 
freezing is the actual degree of temperature experienced by the cells themselves 
or intracellular components. A frog may be frozen until it is rigid and vet the 
cells will not be frozen, owing to the higher freezing point of body liquids, and 
also probably to the concentration of cellular contents associated with extra- 
cellular ice formation and to metabolic chemical processes continuing in the cells, 
resulting of course, in heat production. Also, there are reasons for believing 
that a cell does not freeze uniformly throughout. It has been shown** that the 
death temperature of the cell is lower than the point at which ice forms within it, 
also that intracellular oxidation is most active in the nucleus. Therefore, from the 
greater heat production it would tend to resist freezing more strongly than the 
cytoplasm. 

SUMMARY 
In each of the three methods of laking considered, a condition of hypertonic- 


ity or concentration of salts is present, but it is not possible to conclude that this 
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is the basic cause of the phenomenon in each case. It 1s believed, however, that 


sufficient evidence is available to render such a hypothesis tenable. 
Hypertonicity may injure cells in many ways, but desiccation and change in 
physicochemical state are conspicuous possibilities in the studies presented. .\ few 


instances are cited to indicate the wide bearing of the problems involved. 
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STUDIES ON CHOLESTEROL* 
III. INFLUENCE oF Bink DeErivatrEs IN Brioor’s CHOLESTEROL DETERMINATION 


By GEorRGINE LupEN, M.D., RocursterR, MINN 


N the latter part of 1915 Bloor® published his modification of the Autenrieth- 

Funk test for cholesterol in the blood. Shortly afterward he still further sim 
plified his method by omitting the addition of sodium ethylate to the alcohol-ether 
extract of the blood before evaporation. Bloor’s object in adding sodium ethy- 
late had been: First, to destroy the “brownish tint,” well known to all those who 
have worked on cholesterol; and second, to break up cholesterol esters by 
saponification.* 

For the sake of brevity, the writer will refer to Bloor’s original method as 
Bloor I, and to its subsequent modification as Bloor IT. 

Bloor himself has called attention to the fact that his method gives slightly 
higher values than that of Autenrieth, and he now attributes the brownish tint 
to overheating during the process of evaporation. An exhaustive study of the 
relative accuracy of the cholesterol values found by Autenrieth and the Bloor 
and digitonin methods has recently been published by Mueller.’° Mueller had ap- 
parently based his work entirely on Bloor’s second publication* as no mention of 
the first is found in his paper, though the effect of saponification on the cholesterol 
values is discussed in connection with experiments of his own. As regards the 
relative merits of the three methods mentioned he comes to the following con- 
clusions: ‘Colorimetric analyses of the blood give results too high for true 
cholesterol because they include other ether- and chloroform-soluble substances, 
whereas digitonin determinations are the more nearly correct. Values obtained 
by colorimetric methods should be considered as representing cholesterol plus 
some more or less closely related substances, very likely of the nature of oxida- 
tion products.” Mueller adds that there is some question as to the properties of 
these oxidation products, one of them possibly the so-called “‘oxycholesterol” that 
has been shown by the work of Lifschiitz™ * to exist in the blood normally, but 
that “since much of the oxycholesterol work remains as yet unconfirmed it 1s 
scarcely desirable to speculate on the exact part which is played by these derivates 
in the results obtained in cholesterol determinations.” As an answer to Mueller’s 
comments on the Bloor method in its modified form, Bloor and Knudson published 
a new procedure for the “separate determination of cholesterol and cholesterol 
esters in small amounts of blood” by means of which they come to the conclusion 
that “either there are no other substances in blood plasma, or they behave, when 
treated with digitonin, in the same way as ordinary cholesterol.” 

In connection with these statements, a number of observations which I have 
made since May 15, 1916, on a series of 748 blood cholesterol determinations,** 
may not be without interest. The series comprises 374 different blood samples 


*From the Mayo Clinic, Rochester, Minn 


**This series does not include 400 samples examined before May 15, 1916 
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including the blood of patients suffering from various diseases, specimens of my 
own blood in various experiments on nutrition, and weekly tests of the blood of 
experimental animals. In every instance parallel determinations of the same 
blood sample were made by the Bloor I and Bloor II methods; i. e., with and 


without the addition of sodium ethylate to the ether-alcohol extract before 


evaporation. 

It was found that by the Bloor I test, lower values were obtained than by 
the Bloor II test in practically every instance, with the exception of a relatively 
small number of cases that will be discussed presently. In other words, the addi 
tion of sodium ethylate before evaporation seemed to destroy some color com 
ponent which appeared to be responsible for the higher values found in the test 
without sodium. Mueller discusses the effect of strong alkali on the cholesterol 
values in relation to Autenreith’s method, and shows by a number of tests devised 
by himself that “there is apparently no further loss after saponification.” My 
experiments seem to show that the strong alkali may effect the color value of the 
test in a way in no wise related to the process of saponification. 

It was further observed that the difference in the values obtained by the 
Bloor I and Bloor II methods was subject to slight variation in different blood 
samples, but that it ranged between 0.050 and 0.070 mg. in over 100 specimens of 
blood giving approximately “normal” cholesterol values.* It was, therefore, 
decided to call this difference, provisionally at least, the “normal interval” be 
tween the two tests. On the other hand, a number of blood samples obtained 
from individuals of whose pathologic condition there could be little doubt, 
showed a marked deviation from this normal interval. The “pathologic” blood 
samples could be divided into two groups. One group, supplied by ten patients 
suffering from the same disease, gave identical values with both tests and will be 
The samples of the other group had been obtained 


discussed in another paper. 
The group 


from twenty patients with symptoms of disturbed liver function. 
included cases of severe obstructive jaundice, hemolytic jaundice, acute gastro 
intestinal catarrh (urobilin strongly positive in the urine) and various milder 
forms of “‘biliousness,” with and without icterus. Every case belonging to the 
latter group showed a marked increase of the normal interval, ranging from 
0.090 to 0.280 mg., the highest value being found in the blood of a patient who 
had been “extremely jaundiced since five weeks.” 

The deduction seemed admissible that the high values registered in these cases 
by the test without sodium might be due to the presence of bile derivates in the 
blood, which could be partially or entirely eliminated by the sodium ethylate. 

To verify this deduction a series of investigations was begun on Sept. 9, 
1916, in order to determine: (1) whether any substance or group of substances 
belonging to the bile derivates was capable of giving the- Liebermann reaction in 
the definite absence of cholesterol, and (2) whether these bodies could be 
eliminated by the action of the sodium ethylate. Lifschiitz* * states that bile acids 


do not give the Liebermann reaction, but it seemed possible that the combination 


*I tind that my average normal cholesterol values are slightly higher than those of Bloor and 
Rothschild, ranging from 0.250 to 0.270 mg. This difference may be due partly to the personal equation 
inevita it determinations (personal coler vision) and partly to the technic employed, which 
wi pe dis ssed turther 
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of bile acids and bile pigments, a combination often found in icteric blood, might 
accelerate the process of oxidation, and the whole of Lifschiitz’ work suggests 
that oxidation plays an important part in Liebermann’s cholesterol test. 

The residue of gall stones from which the cholesterol had been thoroughly 
extracted (eleven successive extractions with boiling alcohol on the water-bath) 
seemed likely to contain the desired combination of bile acids and bile pigments 
and was therefore chosen as a starting point for these experiments. It consisted 
of a fine brown powder which dissolved fairly readily in pure chloroform, 
stained the chloroform deep canary yellow but also contained chloroform- 
insoluble elements that settled at the bottom of the flask in the form of a black, 
dust-like sediment. The latter was filtered off and dried on the filter paper at 
room temperature. Whereas the yellow chloroform solution might still contain 
traces of cholesterol, the black, chloroform-insoluble sediment could hardly be 
expected to contain any. However, since it was of paramount importance to 
eliminate every trace of cholesterol, the following procedure was adopted to 
“make assurance doubly sure: Part of the black sediment was dissolved in 
ammonia water, filtered, and shaken out with pure chloroform in a separatory 
funnel. The chloroform was tested for cholesterol and remained colorless. 
Nevertheless, the operation was repeated three times as a measure of precaution. 
This may have been superfluous, but it will be remembered that the experiments 
were being made with a mixture of chemical compounds of unknown composition, 
present in unknown proportions, so that the established characteristics of any one 
single bile derivate could not be of any practical assistance in these experiments. 
Moreover the quantity of material at hand was very small; the entire yield of 
black sediment consisted of only 150 mg. Consequently every operation had to 
be a matter of “trying out things,” with as little loss of material as possible. 
While the elimination of every trace of cholesterol remained the primary object, 
quantitative work was out of the question; hence the smallest possible amount of 
black sediment (as much as could be held on the point of a small scalpel) had 
been dissolved in the ammonia water. 

\fter the third chloroform extraction the aqueous ammonia solution was 
acidified with hydrochloric acid, drop by drop (controlled with litmus paper) 
and this aqueous acid solution shaken out with fresh chloroform. The chloro 
form again assumed a vivid yellow tone and upon addition of the usual reagents 
(2 c.c. of acetic anhydrid, 0.1 ¢.c. of concentrated sulphuric acid to 6 c.c. of the 
chloroform solution) a Liebermann reaction of great color-intensity was obtained, 


such as is found only in “strong” cholesterol solutions (1 mg. in 1 c.c. of 


chloroform). 

Bloor* (page 228) has called attention to the fact that it is difficult to extract 
traces of cholesterol from “strongly alkaline solution.” It should here be stated 
that whereas the ammonia water used in this experiment was comparatively 
weak, lower concentrations gave less brilliant color reactions in the chloroform 
extract. This might be easily explained by the fact that the black sediment had 
not completely dissolved. On the other hand, the relative alkalinity of the solvent 
appeared to play an important part in the intensity of the color reaction, for even 


weak aqueous solutions of potassium or sodium hydroxide seemed to reduce the 
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color reaction of these bile derivates in some unexplained way. Their chloroform 
extract remained colorless if it had been in contact with the alkalin solution for 
twelve hours, and gave no Liebermann reaction. Strong concentrations of am- 
monia water, however, only lessened the intensity of the reaction, and did not 
destroy it. 

While these observations apparently confirmed the supposition that chloro 
form-soluble derivates were unstable in the presence of alkali, they did not prove 
conclusively that sodium ethylate was responsible for their destruction in the 
Bloor I test, since in the latter the solubility of these bodies in ether-alcohol and, 
possibly, the effect of the heat during evaporation would have to be taken into 
account even if the presence of bile derivates in the blood of icteric patients 
could reasonably be expected. Bile pigment has been demonstrated by Sahli. 

The small amount of black sediment on hand, its unknown composition and 
the possibility that different portions of it might contain different mixtures of bile 
derivates (which might in turn account for the varying results obtained with the 
different alkaline media) greatly complicated matters. 

Finally, after many groping experiments, it was ascertained that ammonia 
water of a certain concentration (2 per cent) yielded the best results. Further 
trials with potassium and sodium had been given up on account of the loss of 
material they involved. The remaining 100 mg. of black sediment were dis- 
solved in 100 c.c. of ammonia water of the above concentration, filtered, acidified 
with hydrochloric acid, and extracted repeatedly with pure chloroform until the 
latter became colorless and no longer gave a Liebermann reaction. The intensity 
of the reaction had been found to be proportional to the depth of yellow tone 
seen in the chloroform extract. The first extract was deep orange; the last had a 
faint yellow tinge. All the chloroform extractions were then mixed; the total 
amount of golden yellow chloroform thus obtained amounted to 450 c.c. The 
combined extracts were brought up to 500 c.c., giving a bile derivate solution 
that contained 0.2 mg. in 1 c.c. of chloroform.* This solution (which for con- 
venience had been termed “Pigment 28 solution”) gave a brilliant color reaction, 
changing slowly from vivid pink to violet-blue and then to dark green. Six 
cubic centimeter tests were made with acetic anhydride and concentrated sul- 
phuric acid in the usual proportions. The green stage of the reaction seemed to 
equal cholesterol reactions in depth of color, but differed slightly in tone. Whereas 
the shade of green seen in cholesterol solutions containing from 0.4 mg. to 10 mg. 
cholesterol per 6 c.c. of chloroform may be briefly defined as “emerald” green, 
all the writer’s bile derivate solutions, the Pigment 28 solution included, were 
found to assume a slightly more yellow tone that might be compared to the color 
of an unripe olive. This olive green has also been observed by Luden in the 
cholesterol tests of pathologic blood samples and is probably identical with the 
slight brownish color commented on by Mueller,** Bloor,* Autenrieth, and others. 


*The solution was made to obtain some idea of the relative color intensity of the Liebermann reac- 
No quantitative accuracy could be aimed at since it would have been conplicated by 
the presence in the black sediment of a great number of chemical substances that 

> an equally 


tion which it gave 
too many factors; i. e., 
might be precipitated in various degrees after acidification of the alkaline solution, and soluble t 
varying extent in the chloroform. Consequently the solution may have contained slightly less than 0.2 mg. 


per cubic centimeter. 
**Il am unable to agree with Mueller when he says that this “slight brownish color is invariably 


present in the chloroform solution of extracts prepared by Bloor’s-method.”” On the contrary, in as many 
the chloroform solution was praciically 


as one-third of my determinations made by Bloor’s method II, 
colorless and gave a brilliant emerald green reaction that could be matched quite easily with the standard 


solution. Tests made with Bloor’s I method always gave a perfect match. 
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The color reaction described above must undoubtedly be considered a true 
Liebermann reaction, since it is produced by identical proportions of the same 
reagents commonly used in cholesterol determinations and since the order of 
the color sequence is identical with that described by Windaus* for cholesterol 
reactions 

Nevertheless, certain characteristic features exhibited by tests made with the 
chloroform solutions of the bile derivates used in the writer’s experiments, which 
distinguish their Liebermann reaction from that of pure cholesterol, would seem 
to make some special designation desirable. These features are: (1) The 
more olive green tone referred to above; (2) the brilliancy with which the pink 
and the blue stage of the reaction can be seen, even in weak solutions; (3) the 
length of time during which the last (green) stage of the reaction persists un 
changed. Since these characteristic peculiarites are not found in Liebermann 
tests made with pure cholesterol-chloroform solutions, the term “bile-green re 
action” in the Liebermann test is tentatively suggested; it will be used in this 
paper for the sake of brevity when the pink and blue stages of the reaction and 
its color persistency are discussed, and solutions containing the unidentified bile 
derivates which give this reaction will be referred to as “Pigment solutions.” 
The presence of biliverdin is uncertain in the black sediment from which the 
chloroform solutions had been made. ‘Though biliverdin can be precipitated 
from alkaline solutions by hydrochloric acid, it is but little soluble in chloroform ; 
consequently it can have been present only in traces in the chloroform solutions 
with which the writer made these tests. Bilirubin,’® urobilin,’? and cholic 
acid,?! on the other hand, are alike soluble in aqueous alkaline solutions, precipi 
tated by acidifying and readily soluble in chloroform. Since bilirubin, urobilin 
and cholic acid are found in gall stones, they were probably present in effective 
quantities in the Pigment 28 solution. 

The following tests were made to illustrate the difference* between the bile 


green reaction and the reaction of pure cholesterol in the Liebermann test. 
EXPERIMENTAL 


(‘Tests showing that the pink and the blue stage of the Liebermann reaction 
can be seen in weak pigment solutions, but can not be observed in cholesterol 
solutions of a 400 times higher concentration. ) 

Windaus” states that the Liebermann reaction for cholesterol is characterized 
by a striking sequence of colors—vivid pink (“rosarot”) blue, dark green 
which may be observed as soon as the Liebermann reagents have been added to 
the test. 

The writer was unable to find any trace of the pink and blue stages of the 
reaction in the cholesterol solutions commonly used for blood-cholesterol determi- 


nations; namely, solutions containing from 0.4 to 0.5 mg. cholesterol in 6 c.c. 


\bserved from the beginning and occurred in every solution made 


*Although this difference had been « 
with chloroform extract of the black gall stone residue, these earlier tests (though their number includes 
several hundred observations) were not considered conclusive since the concentration of the solutions 
was unknow! wing to the technical difficulties already described, and could not, therefore, be justly com 
pared with the In every instance, however, these 


reaction in cholesterol tests of a known concentration. 
> y tests made with the uniform solution of bile derivates (contain 
that has been described in detail under the name of 


earlier observations were confirmed | 
ing approximately 0 mg. per 1 c.c of chloroform) 


“e “4 fel . ” 
Pigment 28 solution 
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of chloroform. In these the cholesterol appears to be oxidized almost immediately 


to the green stage of the reaction. 


It seemed interesting, therefore, to ascertain how great the concentration of 


the cholesterol-chloroform solution would have to be—when the usual propor 
tions were maintained—in order to show the sequence of colors described by 
Windaus 

TABLE | 


Cotor REACTIONS IN CHOLESTEROL SOLUTIONS 


‘est 1. 6 c.c. of the stock solution: namelv, 6 mg. of cholesterol in 6 ¢. f chlor rm 
usual reagents added 
Reaction Th colorless solution becomes dark green in a Tew seconds : no trace ol 
the pink or the blue stage 
Test 2. 10 mg ( lesterol in 6 cu f chloroform: usual reagents added 
Reaction: Identical with Test 1, except that the green color appears almost black 
Test 3. 15 mg cholesterol in 6 cx f chloroform: usual reagents added 
Reaction: The blue stage appears for a few seconds only and is blotted out by the 
density of the green stage. The solution appears black; its green ton: 
in be recognized only in a very strong light 
‘est 4. 200 mg. of cl sterol dissolved in 6 c.c. of chloroform: usual reagents 
Reaction: As the sulphuric acid is added its progress towards the bottom of the 
test tube is shown by a streak of purple-violet, but the next second the 
whole of the solution has turned black-zreen. Its green color can be 


recognized only near the top edge by shaking the test tube 


\lthough the cholesterol concentration in these four tests exceeded that of 
the blood cholesterol from 10 to 400 times,+ no trace of the pink stage of the 
Liebermann reaction could be seen in any of them. Nor could this stage be ob 
served when one-half or one-quarter of the usual amount of the reagents had been 
used for a test In either case the solution changed from colorless to green, 
though the intensity of the green color increased as time went on. 

The results obtained with various dilutions of the pigment solutions showed a 
striking contrast to these cholesterol tests. The color sequence described by 
Windaus could be observed in solutions containing as little as 0.020 mg. bile green 
in 6 c.c. of chloroform. 

To obtain a definite idea of the color value of these tests (previous observa 
tions had already suggested that their olive green tone made them appear darker 
than they really were) colorimetric determinations were made by the same 
method used in the blood cholesterol tests ; namely, with the Duboscq colorimeter 
set at 10 mm. and a standard cholesterol test containing 0.4 mg. to every 6 c.c. of 
chloroform. An unexpected difficulty presented itself, however, due to the slow 
reaction of the pigment solutions, which had also been observed, but not fully 
realized. When parallel tests were made, such as are used in blood cholesterol 


+ 


1 


*“The standard cholesterol solution used in all of the writer’s blood-cholesterol determinations con- 


tains 0.4 mg f cholesterol in 6 c.c. of chloroform It is made up from a stock solution containing 200 
mg. of cholesterol (Merck) in 200 c.c. of chloroform. 

Roth standard and stock solutions are sealed with paraffine and kept in a refrigerator when not in use, 
in order to prevent any evaporation of the chloroform; the latter would increase their concentration, thereby 
affecting the accuracy of the tests. 

Standardized graduated pipettes are used in all the tests in preference to graduated cylinders, since 
the latter often vary slightly and would give Jess accurate results in consequence. 

+The highest cholesterol value found in a sample of pathologic blood was 0.720 mg. (Autenrieth 
method) but values of 0.450 (Bloor I) and 0.555 (Bloor II) have been seen repeatedly. 
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determinations, the cholesterol standard had begun to fade by the time the bile 
green reached its maximum color value. 

A series of tests showed that the standard cholesterol test (0.4 mg. in 6 c.c. 
of chloroform) reached its maximum in five to six minutes, maintained it for 
approximately thirty minutes at room temperature from 20° to 22°, had lost one- 
third of its original maximum color value in eighty minutes and had become 
colorless, that is, pale yellow, in six to seven hours. Pigment solutions of equal 
strength (0.4 mg. per 6 c.c. chloroform) on the contrary had not yet reached 
their maximum in one hundred and ninety minutes, and their color value remained 
unchanged for twenty-four hours, at least, under the same conditions. 

Although blood cholesterol determinations are not complicated to the same 
extent by a different rate of reaction in the standard and the blood sample, if the 
tests are made at room temperature, (20° to 25° C.), and the standard test con- 
tains little more cholesterol than the blood specimen is likely to contain, the rapid 
reaction which occurs in some specimens of pathologic blood at a temperature 
of 35° to 37° would make it seem inadvisable to leave blood cholesterol tests at 
this relatively much higher temperature for a period of fifteen minutes according 
to the old method described by Autenrieth and Bloor. I have called attention 
to these facts and my recent findings appear to corroborate my observations.’* 

The period of time during which the standard cholesterol test gave a con- 
stant value at room temperature having been determined, a series of experiments 
was made with pigment solutions. A record was kept of the exact time at which 
the reagents were added to every test, in order to guard against even the slightest 
fading of the standard and to determine the length of the duration of the pink, 
blue, and green stages of the reaction in the pigment solutions. The results will 
be found in Table II. 

In every instance the initial pink stage of the bile green reaction was clearly 
visible ; the color value of the green stage was little over one-half of the cholesterol 
green in solutions of equal strength. Nonetheless, this green color was found to 
persist from three to four times as long as it did in the pure cholesterol solution. 

That, owing to this slowness of the bile green reaction, this pink color is 
therefore bound to appear in blood cholesterol tests simultaneously with the green 
of the true cholesterol whenever any ether-alcohol and chloroform-soluble bile 
derivates are present in the blood, may be deduced from the above. That 
the combination of the pink and green tones would account for the much-discussed 
brownish color will be readily granted. 

Although the experiments described above seemed to furnish conclusive evi- 
dence that a true Liebermann reaction can be obtained in the chloroform solu- 
tions of some bile derivates in the definite absence of cholesterol, several im- 
portant points remained to be proved; namely, the elimination of these bile 
derivates by sodium ethylate under conditions parallel to those found in the 
Bloor I method, and the close relation or identical characteristics of the bile 
derivates obtained from cholesterol-free gall stone residue and those present in 
the blood of icteric patients. 

The effect of the relative alkalinity of the aqueous solutions used as solvents 
for the gall stone residue had already suggested the instability of these bodies in 
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TABLE II 


Cotor REACTIONS IN PIGMENT SOLUTIONS 


2 ©.c. ACETIC ANHYDRID AND 0.1 CONCENTRATED SULPHURIC ACID ADDED TO EACH TEST 
ROOM TEMPERATURE 20° To 21° ¢ 
Test 1. 1.2 mg. in 6 cc. of chloroform. (Pigment 28 solution undiluted) (3 tests) 


Reaction: The test solution turns bright reddish pink immediately. The pink color lasts 
The test tube is plunged in very hot water for a few seconds 


for 20 minutes 
It is 


The blue stage of the reaction appears, but has a dirty violet-blue tone. 
followed in 3 to 4 min by the green stage, intense olive green, which seems 
to be as dark as, if not darker than, cholesterol green of equal strength in the 
test tube 
r valu \fter 30 min. equal to 0.500 mg. cholesterol. (Standard cholesterol test* 
0.400 me. ) 
\fter 6 hours equal to 0.666 mg. cholesterol 
\fter 24 hours equal to 0.666 mg. cholesterol 
\fter 48 hours equal to 0.666 mz. cholesterol 
\fter 72 hours faded to a dirty brown. 
Test 2. 0.400 mg. in 6 c.c. of chloroform. (5 tests.) 

Recc'ion: The test solution turns bright, vivid pink immediately. The pink color lasts 

for 5 to 7 min. Dirty violet tone for 3 to 4 min. Olive green. 

Color value: After 20 min. equal to 0.180 mg. cholesterol. (Standard cholesterol test 

0.400 me.) 
\fter 60 min. equal to 0.200 mg. cholesterol. 
\fter 3 hours equal to 0.200 mg. cholesterol 
\fter 24 hours equal to 0.222 mg. cholesterol. 
\fter 48 hours faded to a dirty brown. (Standard cholesterol test fades 
to dirty yellow in 6 hours.*) 
Test 3. 0.120 mg. in 6 c.c. of chloroform. (3 tests.) 
Reaction: Vivid pink for 5 min. Intermediate stage hard to define. Green in 10 min 
Coler value: After 30 min. equal to 0.060 mg. cholesterol. (Standard cholesterol test 
0.400 mg.) 
After 3 hours equal to 0.056 mg. cholesterol 
\fter 24 hours faded to a dirty yellow 
Test 4. 0.080 mg. in 6 c.c. of chloroform. (3 tests.) (Standard cholesterol test 0.400 mg.) 
Reaction: Clear pale pink for 3 minutes. Intermediate color can not be recognized 
Clear but light green in 6 to 8 minutes. 

Color value: After 30 min. equal to 0.050 mg. cholesterol 
\fter 3 hours equal to 0.040 mg. cholesterol 
\fter 24 hours faded to pale, dirty yellow 

Test 5. 0.040 ma. in 6 c.c. of chloroform. (3 tests.) (Standard cholesterol test 0.400 mg.) 

Reaction: Clear pale pink; then pale green which lasts for about 3 hours. 

Color value: Can not be determined as test looks gray in colorimeter when compared 
with the emerald green standard, although its color is clear pale green in 
the test tube 

Test 6. 0.02) mg. in 6 c.c. of chloroform. (3 tests.) 
Faint, but distinct pink; then very pale green lasting about 1 hour 
Can not be determined for the same reasons as in Test 5. The green color 


is also clearly visible in the test tube 


(Standard choleste-ol test 0.400 mg.) 


& lor 2 alue 


the presence of strong alkalies, but the effect of heat during the process of evapo- 
ration no less than their relative solubility in ether-alcohol would have to be taken 
into account before definite conclusions could be reached. 

In order to study the behavior of the bile derivates contained in the Pigment 
28 solution under conditions identical with those present in the Bloor I method, 
the following tests were made: 


vly made “ripe” standard was used for every determination, and for every test the colorimeter 
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Thirty cubic centimeters of the Pigment 28 solution were measured into 
a beaker and the chloroform removed by evaporation on the water-bath in order 
to avoid excessive heat at any one point in the solution. The orange-colored resi- 
due was extracted with 75 c.c. of Bloor’s ether-alcohol mixture, brought to the 
boiling point on the water-bath, rapidly cooled under the tap to room tempera- 
ture, filtered and made up to 100 c.c. with ether-alcohol. ‘To one 20-c.c. portion 
of the ether-alcohol extract, sodium ethylate was added in the proportion recom- 
mended by Bloor (Bloor 1), and the ether-alcohol evaporated, overheating being 
carefully avoided. Another 20-c.c. portion was merely evaporated, no sodium 
ethylate being added (Bloor II). The dry residue of both portions was ex- 
tracted repeatedly with small quantities of pure chloroform, and the chloroform 
extracts made up to 12 c.c., respectively. 

The Bloor I chloroform extract was colorless and remained colorless after 
the usual reagents (2 c.c. of acetic anhydrid, 0.1 ¢.c. concentrated sulphuric acid) 
had been added to a 6 c.c. portion of it, even when the test was warmed. 

The Bloor II chloroform extract was golden yellow, and upon addition of 
the usual reagents, gave the brilliant variation of the Liebermann reaction already 
described. 

The experiment was repeated four times with separate portions of the Pig- 
ment 28 solution and identical results were obtained in every test; i. e., the Bloor 
I tests remained colorless, while the Bloor II tests gave a vivid color reaction. 

The fact that no color reaction could be obtained in the Bloor I samples sug- 
gested that a chloroform-insoluble sodium salt of the bile derivates might be 
formed by the use of the sodium ethylate and that the potassium salts of these 
substances might be more readily soluble in chloroform, especially in the presence 
of water, which would explain the brownish color in some of the Autenrieth tests 
and the results obtained by Mueller.* 

An opaque yellowish-white residue had been observed in the beakers of the 
Bloor I samples after the chloroform extraction. ‘This residue was found to give 
the usual bile green reaction when dissolved in acid chloroform, but no color reac- 
tion could be obtained when the residue was extracted in the manner described for 
the pigment solutions although the residue itself dissolved readily in ammonia 
water. Many similar peculiarities that can not yet be accounted for nor discussed 
in cetail at present have been observed in the writer’s pigment solutions. 

The destruction of the color reaction in Pigment 28 solution by the Bloor I 
method had, however, been proved, and colorimetric determinations were made 
to discover whether any loss occurred during the process of evaporation or sub- 
sequent filtration. This appeared to be the case as the Bloor II sample had lost 
approximately one-third of its original color value, and this may have been 
caused by further oxidation of some of the bile derivates. Since 30 c.c. of Pig 
ment 28 solution containing 30 times 0.2 mg., or 6 mg., of bile derivates had been 
used, one chloroform test made with 10 c.c. of the ether-alcohol extract should 
have contained 0.6 mg. of bile derivates and should have given a higher color 
value than a test of a chloroform solution containing only 0.4 mg. of the bile 
derivates. ‘The former test gave, however, a slightly lower reading than the 


*Mueller used potassium hydroxide 25 per cent in aqueous solution and 0.5 N. alcoholic potash 
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latter; in other words, whereas a test containing 0.4 mg. of the bile derivates had 
a color value equal to 0.222 mg. cholesterol, the test containing 0.6 mg. had a color 
value equivalent only to 0.200 mg. cholesterol. 

Control tests made with solutions of pure cholesterol that had been treated in 
precisely the same manner described for the Pigment 28 solution by the Bloor I 
and Bloor II methods, gave color reactions of identical strength, a very slight loss 
of color value being, however, observed in both tests. Cholesterol Bloor I and 
Bloor II both registered 0.572 mg. when the original amount of cholesterol con 
tained in the test had been 0.600 mg., and both tests registered 0.233 mg. when 
0.240 mg. had been used originally. ‘Tested against each other in the Duboscq 
colorimeter both tests gave identical values, whether the instrument was set at 
10, 20, 30 or 40 mm. The slight loss referred to above may be technical. 

That the sodium ethylate, and not the solubility of these bile derivates in 
ether-alcohol, was responsible for the destruction of the color reaction in the 
Bloor I test was shown by the following: They dissolved equally readily in 
ether, in alcohol, in Bloor’s ether-alcohol mixture, and also in petroleum ether.° 
If a few drops of sodium ethylate, however, were added either to a chloroform or 
to an ether-alcohol solution, the yellow color of the solvent became much lighter. 
But whereas the chloroform solution remained cloudy and a layer of yellow and 
brown precipitate could be seen at the bottom of the test tube, the ether-alcohol 
solution remained clear and contained but little of the bright yellow sediment 
(formation of a sodium salt of one or more of the bile derivates’). It was further 
interesting that after evaporation of the ether-alcohol mixture the residue of the 
Bloor I (sodium) sample was opaque and yellowish-white, whereas the Bloor II 
was a transparent yellow. The same observation had been made in the dry 
residue of blood samples treated by both methods, with the exception that in 
blood extracts the Bloor II sample had a much fainter yellow color. 

The destruction of the color reaction of the cholesterol-free gall stone resi- 
due by sodium ethylate having been established, the following questions remained 
to be answered: (1) Could the bile salts and bile pigments, whose presence 
might be reasonably assumed in the blood of icteric patients and has moreover 
been demonstrated by the work of Hoover and Blankenhorn be identical with 
those contained in the gall stone residue and their color reaction be similarly 
destroyed in the Bloor I Tests? (2) Could any means be found by which these 
bodies could be either identified with or differentiated from the oxycholesterol 
referred to by Mueller? My method of extraction (which is similar to that used 
for the recovery of bilirubin and cholic acid) suggested that the bodies contained 
in the Pigment 28 solution were not, in all probability, oxycholesterol, since the 
latter appears to be recovered together with cholesterol, and according to Mat- 
thews* even Merck’s “pure” cholesterol contains from 2 to 2.5 per cent of 
oxycholesterol. On the other hand, the presence of bilirubin and cholic acid, the 
latter dissociated from taurocholic acid by the acid or the alkalin solvents ( Mat- 
thews,'® pages 81-86) might be expected. 

The method described by Lifschiitz'® to differentiate oxycholesterol from oxi- 


*Unless the 
for the presence of oxycholesterol in the Merck product. 





auto oxidation ef cho'esterol described by Schulze and Winterstein™ alone should account 
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dized cholic acid proved of the greatest value in answering both questions and 
also furnished a number of interesting observations that will be reported else- 
where, as they do not come within the scope of this paper. 

Lifschitz states’? that when either pure cholesterol, or pure cholic acid, or 
ordinary bile (he used the bile of oxen in his experiments) has been dissolved in 
glacial acetic acid and oxidized by means of a few particles of benzoyl peroxide, 
(the solutions being warmed gently to dissolve the peroxide, brought to the boiling 
point a couple of times and then rapidly cooled) either substance will give the 
same brilliant color reaction, changing from blue violet to deep green on the addi 
tion of 8 drops of sulphuric acid and 1 drop of ferri perchloride (Lifschiitz’ 
oxycholesterol reaction). 

If, however, an equal volume of chloroform is added to the test after the 
reaction is completed and the mixture allowed to separate in a separatory funnel, 
the green color passes in its entirety into the upper layer when oxidized choles 
terol has been used, the bottom layer appearing pale yellow or brownish, whereas 
in tests containing only oxidized cholic acid the upper layer is practically color 
less and the bottom (chloroform) layer contains all the green color. (This test 
will be referred to as Lifschiitz’ “differential test.” ) If bile has been used for the 
reaction, both layers will be colored in direct proportion to the amount of either 
substance present in each layer, and the quantity can then be determined only by 
means of the spectroscope. According to Lifschiitz, the green phase of the 
oxycholesterol is characterized by one single dark band at the red end of the 
spectrum, while spectroscopic examination of an oxidized cholic acid solution 
reveals four bands, a faint narrow band in the yellow, two broader and darker 
bands in the green (between the D and G lines) and practically total absorption 
of the violet.* 

In the absence of facilities for spectroscopic analysis, however, the differ 
ential test itself is sufficiently characteristic, according to Lifschiitz’® (page 394) 
to exclude all doubt concerning the identity of the bodiés in question. 

A series of differential tests was made by the Lifschiitz method with the 
writer’s Pigment 28 solution, pure cholesterol, and the extract of the blood of the 
highly icteric patient mentioned at the beginning of this paper. 

For the purpose of making these tests it had been necessary to isolate 
the bodies that were responsible for the high value obtained by the Bloor II 
This had proved far more difficult than had been 


method in the blood extract. 
At last, a 


anticipated and more than thirty attempts had resulted in failure. 
simple method was found by which they could be secured by themselves in 


chloroform solution. 


One hundred cubic centimeters of the patient's blood extract in ether-alcohol made with 
double the usual concentration for cholesterol tests) was slowly 
evaporated at room temperature. After twelve hours some 20 c.c. of the extract remained in 
the dish. This was poured off and the residue allowed to become completely dry. A black, 
slightly crustlike ring, 3 mm. wide and about 8 cm. in diameter, had formed where the liquid 
This ring dissolved very readily in ammonia water and the 
The filter paper was then 


6 c.c. of blood (that is, 


receded during evaporation. 
aqueous alkaline solution was filtered into a separatory funnel. 


new color reaction for oxycholesterol has not yet been tried owing to some dela” 


*Rosenheim’s 
(dimethylsulphate) and the great difficulties experienced in securing a 


in obtaining the principal reagent 
reliable spectroscope. 
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washed with a weak solution of hydrochloric acid in water in order to dissolve any bile com- 
ponents that were more soluble in acid aqueous solution (since experience had shown such 
bodies to be among those found in the gall stone residue of unknown composition). The 
aqueous solution in the separatory funnel was acidified, and shaken out with a small quantity 


»f chloroform 


Portions of this chloroform extract from icteric blood which had a slight 
yellow tinge similar to that found in weak pigment solutions, were used for the 
differential test. The chloroform was evaporated and the imperceptible residue 
dissolved in glacial acetic. Portions of the Pigment 28 solution were treated in 
the same way and small quantities of pure cholesterol (Merck) were also dis- 
solved in glacial acetic to serve as control tests. Lifschiitz mentions that the 
relative proportions given by him must be strictly observed in order to obtain the 
results he describes. These proportions have therefore been carefully main 
tained in all of the tests reported. 

The results obtained with the solutions of pure cholesterol, bile green and 
the cholesterol-free bile derivates of icteric blood in glacial acetic were as 
follows: 

Pure Cholesterol in Glacial Acetic Acid.—After oxidation with benzoyl per- 
oxide, boiling up and cooling, 8 drops of concentrated sulphuric acid and 1 drop 
of ferri perchloride were added. The solution turned deep burgundy red (first 
stage of oxycholesterol reaction) and changed from a purple blue to deep green 
on the addition of the 1 drop of ferri perchloride in glacial acetic acid. An equal 
volume of pure chloroform was then added to the test and mixture allowed to 
separate in a separatory funnel. All of the dark green color could be seen in the 
top layer shortly afterward. The bottom layer had a pale pinkish brown tone. 
The relative position of the colors did not change even after the test had stood for 
several hours, but the green color of the oxycholesterol gradually became a dark 
dirty brown (terminal stage of the reaction), while the lower stratum retained its 
original pink-brown tone. The same results could be obtained when test tubes 
were used instead of a separatory funnel. 

Bile Green in Glacial Acetic Acid.—In this solution the reaction proved to be 
far more rapid than in the case of pure cholesterol. Mere boiling with benzoyl 
peroxide caused the test to assume the brilliant green tone peculiar to the third 
stage of the reaction. When sulphuric acid, 8 drops, and ferri perchloride 1 drop, 
were added, the green color darkened visibly and changed to a dirty olive brown 
in a few seconds (terminal stage of the reaction). On addition of chloroform in 
the separatory funnel this olive brown tone was found in its entirety in the bottom 
laver; the upper stratum remained colorless in the manner described by Lifschiitz 
for solutions containing only cholic acid. This seemed to indicate that the bile 
derivates found in the Pigment 28 solution were composed of, or closely related 
to, cholic acid, but that they contained no oxycholesterol. If the glacial acetic 
solution was mixed with chloroform as soon as the green stage of the reaction 
had been reached by boiling with benzoyl peroxide alone (no sulphuric or ferri 
perchloride being added) the intensely green color promptly settled in the bottom 
layer according to the behavior of cholic acid, and the upper layer again re- 
mained colorless. 

The Pigment 28 residue had dissolved in glacial acetic with a golden vellow 
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color. If a few drops of concentrated sulphuric acid were added to the cold 
(golden yellow) solution, the first (burgundy red) stage of the reaction appeared 
immediately. If a portion of the golden yellow solution was left standing over- 
night at room temperature in an uncovered beaker, and therefore exposed to the 
action of the atmospheric oxygen, it was bright green in the morning, though 
traces of the red stage could be seen here and there at the bottom of the beaker. 

It was also found that in Lifschiitz’ differential test the red stage of the 
reaction differs slightly from the green stage in its behavior towards chloroform. 
The red color goes into the chloroform practically in its entirety, but the upper 
layer has a very faint pink tinge. As soon as the green stage is reached, however, 
the upper laver becomes colorless, whereas the bottom layer is seen to contain 
all the color. In oxycholesterol solutions, on the contrary, the pink, the blue, the 
green and the terminal brown are all to be found in the upper stratum. This 
could be proved by adding sulphuric acid drop by drop and the addition of chloro- 
form as soon as the test reached one of the first two stages. 

The green stage of the reaction in oxidized cholic acid remained unchanged 
for days whereas the oxycholesterol green faded to dirty brown in about twelve 
hours. This peculiarity alone might suffice to distinguish oxidized cholic acid 
from oxycholesterol.* It is, moreover, in accordance with the color persistency 
of my pigment solutions in the Liebermann test, and with Lifschiitz’ statement** 
in relation to cholic acid: “Farbe wie Spectra halten sich wochenlang.” 

Bile Derivates from Icteric Blood in Glacial Acetic Acid.—After oxidation 
with benzoyl peroxide, boiling and cooling, the usual addition of concentrated 
sulphuric acid, 8 drops, and ferri perchloride, 1 drop, the glacial acetic solution 
of bile derivates from icteric blood turned bright vellow green, the third stage of 
the reaction being reached immediately because the amount of bile derivates 
contained in the test was relatively very small compared with the quantity of the 
reagents used. Chloroform having been added and separation having taken 
place, the upper layer remained colorless, showing that no oxycholesterol was 
contained in the solution. ‘The bottom layer consisted of two strata, the lower, 
narrower stratum being dark green, the other bright yellow with a green tinge. 
This showed that the bile derivates extracted from icteric blood did not contain 
oxidized cholic acid alone but another substance as well. That this substance 
was not oxycholesterol was proved by the fact that it settled in the bettom layer 
and must consequently be closely allied to oxidized cholic acid. (The possibility 
suggests itself that it may have been the “rhizocholic” acid mentioned by Mat- 
thews'® (page 340). Had any oxycholesterol been present, the upper layer could 
not have remained colorless, but both layers would have been colored in different 
degrees (Lifschiitz).’° 

IVithout oxidation by benzoyl peroxide the glacial acetic solution of these 
bile derivates did not give Lifschiitz’ ‘“Eisenchlorid-Schwefelsaure Reaktion,” 


stage of the Liebermann reaction now in my pos 


*A specimen of pigment solution at the green 
session which was made and put into a separatory funnel on Sept. 11, 1916, is still bright green (Jan 
2, 1917), whereas the cholesterol test containing 200 mg. in 6 c.c. of chloroform became altogether a 
muddy brown in less than four days. 

“(Es) ergibt sich die Frage ob di mit grosser Leichtigkeit und Sicherheit hervorzurufende 
Reakti iuf Galle und Gallensatiren durch Oxydation derselben mit Benzoyl-superoxyd .. . sich nicht 
ils Probe zur Ermittelung von Galle und Gallensattiren in den tierischen Flissigkeiten eignen dtrfte.’’” 
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even when the test was warmed. This is also in accordance with Lifschiitz’ 
statement “that cholic acid in glacial acetic remains colorless on addition of the 
reagents before oxidation.’” 

At the same time, however, in chloroform solution these cholesterol- and 
oxycholesterol-free bile derivates were found to give the modified Liebermann 
reaction described for the writer’s pigment solutions; that is, the pink stage of 
the reaction appeared with the vividness and brilliancy seen in high dilutions 
of bile green, but never observed in cholesterol solutions of the concentrations 
referred to in the beginning of this paper. Since Lifschiitz states that pure oxi- 
dized cholic acid does not give the Liebermann reaction, the only explanation of 
its occurrence in the writer’s solutions containing bile derivates from icteric blood 
or from gall stones might be that the solutions contained a mixture of bile 
derivates. That neither cholesterol nor oxycholesterol was present may be de- 
duced from the methods used for extraction and from the results obtained with 
Lifschiitz’ differential test. 

It seems possible, however, that the mixture of bile derivates may have con- 
tained the “resin acid” described by Minovici,'* which gives similar reactions and 
is the “B product” obtained by Minovici and Zenovici-Eremie after severe oxida- 
tion of cholesterol, but does not, according to these writers, contain any oxy- 
cholesterol. 

Whatever the exact nature of these substances may be, their chemical pecu- 
liarities would seem well in accordance with Lifschiitz’ conclusion “that there 
can be little doubt concerning the gradual decomposition of cholesterol to cholic 
acid in the animal organism.”* Further investigations concerning the solubility 
of the bile salts formed in the Bloor I test and spectroscopic determinations will 


be reported when completed. 
DISCUSSION 


\lthough it is to be regretted that the observations made with Lifschiitz’ 
differential test could not be corroborated at present by spectroscopic analysis 
(owing to the scarcity of spectroscopes due to the war), the characteristic be- 
havior of oxycholesterol and oxidized cholic acid, as well as the color persistency 
of the latter, would seem to leave little doubt as to the identity of the bodies con- 
tained in the writer’s pigment solutions whether obtained from gall stone residue 
or from the cholesterol-free residue of icteric blood. 

The curious fact that the glacial acetic solution of the bile green used in 
these tests should give the characteristic reaction of oxidized cholic acid imme- 
diately upon boiling with benzoyl peroxide and without the addition of concen- 
trated sulphuric acid and ferri perchloride deserves a few words of comment. 
Lifschiitz has shown that pure cholic acid gives this reaction only after severe 
oxidation, while the mixture of cholesterol-free bile derivates from gall stones 


*“Die ‘Nichtcholesterine’ sind jedoch nachweislich Cholesterinabkémmlinge, da auch bei ihnen 
des Oxycholesterins (durch Oxydation) hervorrufen lasst, und dienen 
327-328; 324.) 


sich die Essigschwefelsaurereaktion 
sicherlich als Baumaterial fir die N-freien Komponenten der Gallensatirepaarlinge.”’ (pages 


“Spinnt sich aber somit der Faden des Abbauprozesses vom Cholesterin bis zur Gallensaurebildung 
ab, so geht er sicherlich durch eine Reihe von Zwischengliedern und intermediare Produkten hindurch.’® 
page 319.) 

“Hieraus folget der genetische Zusammenhang 


(page 309.) 





ler Gallensduren mit dem Cholesterin.”’ 
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gave the reaction when means were employed that would be insufficient to pro- 
duce’ complete oxidation of pure cholic acid. This seems to indicate that the 
cholic acid which was present in these gall stone derivates was already partially 
oxidized. \Vhere this oxidation could have taken place is hard to understand, as 
the oxidizing power of the air oxygen during the process of extraction on the 
water-bath could hardly be compared to the effect of benzoyl peroxide, sulphuric 
acid and ferri perchloride combined, all of which are needed for the complete 
oxidation of pure cholic acid. Although pure (unoxidized) cholic acid could not 
be demonstrated in the mixture by the Mylius test, the presence of bilirubin could 
be shown by the test of Hammarsten. The question presents itself whether the 
presence of bilirubin could be in any way responsible for the partially oxidized 
condition of the cholic acid in the mixture. Bilirubin 1s known to be derived from 
hemoglobin (Matthews). Lifschiitz'! has demonstrated the strongly oxidizing 
properties of desiccated blood, by means of which he succeeded in oxidizing pure 
cholesterol (that contained no trace of oxycholesterol) into pure oxycholesterol 
which could be identified by its specific reaction and characteristic spectrum. It 
would, therefore, seem possible that some of the bile pigments present in the mix- 
ture had played a part in the partial oxidation of the cholic acid, no oxidizing 
agents having come into contact with the pigment solution until Lifschutz’ dif- 
ferentiation test was made. The standard pigment solution used in all of the tests 
here reported had been kept well corked and in a cupboard where it was 
shielded from the light, as observations made on the ether-alcohol extracts of 
jaundiced blood seemed to indicate that the bodies which caused the excess color 


in the Bloor II tests were not insensible to light. A couple of blood samples that 


remained exposed to strong light seemed to give lower values with the non 
sodium test after a few weeks. However, sufficient data have not vet been col 
lected to warrant definite statements and further investigations are being made. 


CONCLUSIONS 


The results obtained in these experiments corroborate Mueller’s statement 
that substances more or less closely related to cholesterol add to the values ob- 
tained in cholesterol determinations by Bloor’s sodium-free modification which 
Mueller discusses. Lifschiitz’ differential test proved, moreover, that these sub- 
stances are not oxycholesterol. Parallel determinations by both methods, Bloor 
I and Bloor II, seem to reveal the presence of bile derivates in the blood which 
can be detected by means of colorimetric determinations and which it might not 
be easy to detect by other methods owing to the minute quantities in which they 
are present. Their study may nonetheless furnish valuable information concern- 
ing the chemistry of the blood in general. 

Moreover, since colorimetric determinations and Bloor’s method of extrac- 
tion are comparatively simple and take little time, they are particularly suited 
for clinical observation. By parallel observations with the Bloor I and Bloor II 
methods, cases of disturbed liver function, for instance, might be conveniently 


singled out for further investigation with the Hoover-Blankenhorn® dialyzation 


method. 
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SUMMARY 


1. In 748 parallel blood-cholesterol determinations made according to Bloor’s 
original method, with sodium ethylate, and Bloor’s modification of his method, 
without sodium ethylate, a constant difference could be observed in the cholesterol 
values obtained by both methods, lower values being registered by the tests 
with sodium than by those without. 

2. This difference was found to be most pronounced in samples of icteric 
blood obtained from cases of obstructive jaundice, but a constant slight differ 
ence, ranging from 0.050 mg. to 0.070 mg. could be observed also in normal 
blood. 

3. A series of experiments showed that a mixture of cholesterol-free bile 
derivates obtained from gall stone residue by a certain method of extraction gave 
i special type of Liebermann reaction in which the pink stage of the reaction 
could be seen in extremely high dilutions, whereas this pink stage can not be 
made visible in cholesterol solutions of equal or up to 400 times greater con 
centration. 

+. It was found that this color reaction of cholesterol-free bile derivates 
could be destroyed by the use of sodium ethylate under conditions parallel to 
those found in Bloor’s original method, but that the color reaction of pure 
cholesterol could not be similarly destroyed. These observations seemed to 
account for the difference in the cholesterol values registered by tests made with 
Bloor’s original method and by the sodium-free modification thereof. 

5. The same modified Liebermann reaction could be obtained from the 
cholesterol-free residue of icteric blood. 

6. That no oxycholesterol, but oxidized cholic acid, was present in the mix 
ture of cholesterol-free bile derivates whether obtained from gall stone residue 
or from icteric blo« vd, could be proved by means of a test described by Lifschitz 
for the differentiation between oxycholesterol and oxidized cholic acid. In eithe1 
case the behavior of these bile derivates was identical with that of oxidized cholic 
acid as described by Lifschitz. 

7. In one respect only did the cholesterol-free bile derivates derived from 
gall stones differ from the derivates of icteric blood; whereas the latter needed the 
complete oxidation required by cholic acid to give Lifschiitz’ differentiation test, 
the former gave this reaction with less vigorous oxidation. 

8. Since Lifschiitz has demonstrated the oxidizing properties of hemoglobin 
and since bilirubin, a hemoglobin derivate, could be demonstrated in the mixture 
of bile derivates obtained from gall stones, it is tentatively suggested that the 
bilirubin contained in the mixture may have caused this partial oxidation of the 
gall stone derivates. 

9. My observations suggest that parallel cholesterol determinations with 
Bloor’s original method and its modification might furnish valuable information 
concerning the chemistry of the blood, particularly in cases of biliary disturbance 
without visible symptoms of icterus, as Bloor’s method is extremely simple and 


could easily be supplemented if desired by the dialyzation method of Hoover 


and Blankenhorn. 
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THE VALUE OF CALCIUM SULPHIDE IN THE TREATMENT OF 
POISONING BY MERCURIC CHLORIDE* 


By Cuartes C. HaskeLt AND R. H. Courtney, RicumMonp, Va 


JOISONING with mercuric chloride, either intentional or accidental, has 
increased much in frequency in the past few years and the statement of 
Wilms’ that in calcium sulphide we possess a valuable antidote is of much 
interest. Sabbatini* also experimented with sulphides, but his results were not so 
impressive. Lambert and Patterson* have shown that by means of forcing fluids 
and otherwise favoring rapidity of elimination, the average case of bichloride 
poisoning will recover with more or less severe symptoms. If, however, by means 
of a single intravenous injection of a solution of calcium sulphide we can be 
assured of the patient’s recovery, a distinct advance has been made, for the 
tedious routine of Lambert and Patterson can be dispensed with and, of more 
importance, we have at our disposal a method which is certain in its results. 
This can be said of no other vet proposed. 

The statement of Wilms’ that local antidoting in the stomach is of little or 
no value is apparently borne out by the experiments of Burmeister and McNally* 
and of Fantus.* The first of these investigators showed that after oral adminis- 
tration of mercuric chloride, mercury is present in the blood in sufficient concen 
tration within a very few minutes to cause renal damage; while Fantus has 
shown that the commonly recommended local antidotes exert little influence on 
the poisoning in rabbits following oral administration of mercuric chloride. If this 
is the case, it would seem better to adopt a method of administration that would 
insure completeness of absorption and not administer the mercuric chloride in 
tablet form orally, if we wish to determine the value of an antidote which will 
exert its influence on the mercury after absorption. Dogs are very prone to vomit 
after the oral administration of mercuric chloride and that in Wilms’ experiments, 
conditions favorable for the production of emesis were present is indicated by 
the promptness with which this took place. It would seem probable that if emesis 
occurred within three minutes after the oral administration of a tablet which he 
“thought was the most insoluble tablet on the market” only a small amount of the 
mercuric chloride would be absorbed, barely more than the lethal dose; or, pos- 
sibly not that amount, for only two of his three dogs used as controls died as the 
result of the mercury. 

We have determined on dogs that recovery will usually occur after the sub- 
cutaneous dose of ten milligrams of mercuric chloride per kilogram of body 
weight, but that the dose of fifteen milligrams per kilogram is invariably fatal 
to untreated animals. This is illustrated by Table I. 

If calcium sulphide is of value as an antidote for mercury after its entrance 
into the circulation, it should bring about the recovery of dogs that have received 
this surely lethal dose of mercuric chloride. We have carried out experiments 


*From the Laboratory of Pharmacology, Medical College of Virginia, Richmond, Va 
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designed to answer this question by injecting relatively large doses of mercuric 
chloride and following this by intravenous injections of a solution of calcium 
sulphide. 

The mercuric chloride was injected under the skin of the back in the form of 
a five per cent solution in distilled water. The calcium sulphide used was secured 
from two sources; one sample being manufactured by the Mallinckrodt Chemical 
Co., the other by the J. T. Baker Co. The solutions were made in either of the 
following ways. A gram of the calcium sulphide was added to about 450 
grams of water in a flask and the solution boiled, to be then filtered into another 
flask and water added through filter until the weight of the contents was 456 
grams; or a gram of the powder was added to the requisite amount of boiling 
water. As will be brought out later, the method of preparation is of importance. 
After filtration, the calcium sulphide solution was injected into the saphenous 
vein, exposed under cocaine anesthesia. Tollowing Wilms’ directions, the anti 
dote was used “grain for grain” for the mercuric chloride injected. ‘That the 


procedure exerted a beneficial influence is shown by Table II. 


TABLE | 
SEX WEIGHT ; ; DOSE IN MGM. X KGM RESULT riMi 
Female 18.45 15 Death 24 hours 
Female 5.90 15 “ 24 hours 
Male 17.27 15 72 a 
Male 9.54 15 rf 
Female 11.36 15 $6 OH 
TABLE I] 

WEIGHT DOSE OF HGCLZ IN MG. X KG MILS OF CAS SOL. X K¢ RESULT 
7.38 20 — 9.16 i Recovered : 
12.63 20 9.11 re 
10.2 20 92 


It is evident that the treatment with calcium sulphide solution was of benefit, 
for, as has been pointed out, the dose of 15 mg. per kilo is invariably fatal to 
untreated dogs. In all of these experiments, however, the injection of the calcium 
sulphide solution was made very soon after the injection of the solution of mer 
curic chloride, with one exception, where five hours intervened between the ad 
ministration of the mercury and the antidote. As a rule, when a period of more 
than an hour has passed since the injection of the mercuric chloride solution, 
the results from the calcium sulphide are not so favorable, and the same is true 


if the dose be increased, as is shown in Table IIT: 


TABLE III 


~ WEIGHT MGM. HGCL2 X KGM. TIME BETWEEN HGCL2 AND CAS RESULT 
9.09 20 15 hours Death in 48 hours 
6.65 25 12 minutes Death in 10 days 
14.31 25 5 hours Death in 48 hours 
5.36 25 5 hours and 23 min. Death in 48 hours 
7.27 30 45 minutes Death in 67 hours 
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It is evident, therefore, that the efficiency of calcium sulphide decreases with 
the lapse of time intervening between the administration of the mercury and the 
antidote and also with the size of the dose of mercuric chloride. In one experi 
ment, a dog survived the dose of 30 mg. of mercuric chloride per kilo when the 
calcium sulphide solution was administered within fourteen minutes, but this 
may have been due to some error or to high resistance on the part of this particu 
lar dog. 

Lambert and Patterson emphasize the importance of forcing fluid on 
patients poisoned by mercuric chloride, and at the time of the appearance of 
Wilms’ paper, we were engaged on experiments, the object of which was to ascer- 
tain quantitatively, how valuable this procedure is. The details of these experi 
ments will be published elsewhere, but it is of interest to compare the results 
secured by the intravenous injection'of physiologic salt solution with those pre 
viously shown to have occurred after the use of calcium sulphide. 

In these experiments, the same solution of mercuric chloride was used and 
the manner of injection was similar. The salt solution was made by dissolving 
technical sodium chloride in tap water and sterilizing by heat. There was from 
0.9 to 1 per cent sodium chloride present, and the injections were made into the 
saphenous vein. Tor purposes of comparison, the calcium sulphide and the 
sodium chloride experiments are placed together in Table IV. 








TABLE I\ 
WEIGHT MGM. HGCL2 ANTIDOTE IN TIME BETWEEN HG RESULT 
PER KG MILS X KG. AND ANTIDOTI 

7.38 ~~ 20. 9 mils CaS Sol 25 minutes Recovery — 
12.63 20 Ditto 19 minutes bis 

10.20 20 = 5 hours - 

11.10 20 9 mils Salt 48 minutes si 

6.81 20 = 5 hrs. 27 min Death sixth day 
14.31 25 11 mils CaS 5 hours Death in 48 hrs 
11.13 25 11 mils Salt 5 hours Death on 6th day 
5.36 25 11 mils CaS 5 hrs. 24 min. Death in 48 hrs 
7.72 25 12 mils Salt 5 hrs. 36 min. Death on 5th day 


It would seem from this table that there is little to choose between the cal- 
cium sulphide solution and the saline. One dog recovered under calcium sulphide 
treatment when five hours had elapsed after the administration of 20 milligrams 
of mercuric chloride per kilo, while the sodium chloride control succumbed on 
the sixth day. To offset this, it is seen that with the larger doses of mercuric 
chloride, the sodium chloride dog lived longer in every instance than did the 
calcium sulphide animal. It must be remembered also that the Lambert-Patterson 
treatment depends upon the daily administration of fluid, colonic irrigation, and 
gastric lavage, the combination of which would undoubtedly give better results 
than a single intravenous injection of salt solution. 

If, as seems to be the case, one is justified in assuming that the benefit of the 
calcium sulphide in the treatment of mercuric chloride poisoning after the poison 
has entered the circulation depends chiefly on the volume of fluid introduced, 


does calcium sulphide possess any advantage over physiologic salt solution? On 
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the contrary, we believe that salt solution is distinctly superior; because it is 
always readily secured, and, of much more importance, can cause no damage 
when used properly. The solution of calcium sulphide recommended by Wilms 
is, in the first place, decidedly hypotonic, and probably causes some hemolysis. 
In addition to this, Wilms points out that on allowing the solution to stand 
decomposition occurs, and substances are produced which are violently toxic. 
We have found that decomposition occurs also on boiling for a few minutes, and 
such a decomposed solution is capable of causing severe symptoms or even death 
if injected intravenously into a dog. In every experiment in which calcium sul- 
phide was used, we have noticed the deep, gasping respiration mentioned by 


Wilms, and the report of the following experiment is particularly suggestive : 
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White and brown female fox terrier, weight 6.6 kilos 
May 16, 4.55 p.m.—25 mg. HigCl2 x Kg. subcu. 

5.07 p.m.—Started intravenous injection of solution of cal- 
cium sulphide which had been boiled 3 minutes. When about 5 mils x kg 
had been injected, deep, gasping respiration was noted. Injection was con- 
Violent, ‘tonic convulsion occurred, 


tinued, and respiration ceased entirely. 
Animal 


and artificial respiration was necessary for about five minutes. 
was unable to stand for some ten or fifteen minutes. 
May 26—Died during night 


To study more carefully the effects produced by these boiled solutions of 
calcium sulphide, records were taken of carotid blood-pressure and of respiration 
of two dogs under ether anesthesia. The tracing illustrates well the marked 
influence exerted by the intravenous injection of 25 milligrams of calcium sulphid 
This solution had been made from the Mallinckrodt 


per kilogram body weight. 
The animal survived the effects of this 


sample and was boiled for six minutes. 
injection, ether anesthesia seeming to increase the tolerance to the convulsant 
action of the decomposed solution. 

While Wilms has suggested a means of treating poisoning by mercuric chlo- 
ride which is certainly capable of causing the recovery of dogs that would, if 
untreated, succumb, nevertheless, we believe the following conclusions are 
justified : 

1. The value of intravenous injections of solutions of calcium sulphide in the 
treatment of poisoning by mercuric chloride depends chiefly or entirely on the 
fluid which is introduced, and results fully as good can be secured by the intra 
venous injection of physiologic salt solution. 

2. The intravenous injection of calcium sulphide’is a procedure fraught 
with actual danger and it is possible that cases of mercurial poisoning may have 
the lethal exitus hastened rather than retarded by this administration of calcium 
sulphide. 

3. In the present state of our knowledge, it would be unfortunate if we 
neglected to avail ourselves of every one of the measures that are of proved 
value in the treatment of bichloride poisoning; such as gastric lavage, colonic 
irrigation, hot packs, and the free exhibition of fluids, intravenously, subcu- 
taneously, by rectum, and by mouth. 

BIBLIOGRAPHY 


‘Wilms, J. H Calcium Sulphide as the Chemical and Clinical Antidote for Mercuric 
Chloride Poisoning, etc., Jour. Lab. and Clin. Med., ii, No. 7, 445. 

2Sabbatini: L’acido solfidrico come antidoto generale del mercurio dal punto di vista fisico- 
chimico, Arch. Int. de Pharcod., 1907, xvii, 319. 

Lambert and Patterson: Poisoning by Mercuric Chloride and its Treatment, Arch. Int. 


Med., xvi, No. 5, 865. 


‘Burmeister and McNally Acute Mercury Poisoning, etc., Jour. Med. Research, xxxvi, 
No. 1, 87 
*Fantus Antidotes in Mercuric Chloride Poisoning, Jour. Lab. and Clin. Med., i, No. 


12, 879 





THE ETIOLOGY OF ARTERIOSCLEROSIS 
By Louis M. Warrre.p, A.B., M.D., Mi,nwauKEE, WIs. 


L/THOUGH a vast amount of work has been done in the attempt to produce 

arterial changes in animals which are comparable to those found in man in 
the group disease known as arteriosclerosis, the subject is still unsettled. As a 
matter of fact there is really no actual disease which we call arteriosclerosis. 
It is rather the end result in the arterial system of the action of several poisons 
elaborated in the body under a variety of conditions. So far as we now know 
these poisons may roughly be divided into two classes, (1) those nroduced by 
infectious diseases, and (2) those produced by the hypothetical, but probable, 
poison elaborated in the digestive tract as the result of the insufficient or aberrant 
A third factor has undoubtedly a bearing on the 


digestion of the proteins. 
This is an indeterminate factor, 


production of arteriosclerosis in any individual. 
it can not be controlled in the individual, for it is a part of the person’s very 
birthright (or birthwrong), namely, heredity. 

Still one other and definite factor is to be considered. This is syphilis. 
Studies of recent years leave no doubt that there is a specific form of arteritis 
caused by the spirochete pallida which may eventuate in a generalized arterio- 
sclerosis. 

An examination of the literature of the past few years reveals the fact 
that some investigators have produced arterial changes in small animals by the 
injection of various poisonous substances and blood pressure affecting sub- 
stances, while others who have used these same substances have failed to con- 
firm the results. 

In 1908 D’Amato' reported some feeding experiments on dogs. He fed 
them for months on putrified meat and succeeded in producing inflammation 
and degeneration of the media and adventitia with calcification and hyperplasia 
of the intima. In the pulmonary artery, the carotids, in the vene cave, and in 
the myocardium there were extensive necroses and hyaline degeneration. He 
also tried injections of sodium urate and ergot. These drugs caused necrosis in 
the muscularis and elastica of the aorta, pulmonary artery, vena cava inferior 
and heart muscle, but there was no subsequent calcification. His work showed 
that under quite grossly abnormal conditions of feeding, it was possible to pro- 
duce arterial changes. One could scarcely affirm that he was able to produce 
arteriosclerosis analogous to that in humans. 

Among others who have fed the ethereal esters of bacterial putrefaction to 
animals is Dratschinski? who fed indol for long periods in small doses to guinea 
pigs and monkeys. ‘This apparently induced an atheromatous degeneration of 
the aorta and primary stage of sclerosis of the aorta and the vessels of the brain 
in the pigs. In monkeys sclerosis of the adrenals was produced. 

Since Thayer and Brush* showed that the arteries of those who had had 


typhoid fever were more easily palpable than those persons of corresponding 
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age who had never had typhoid fever, attention has been directed to the rela- 
tionship of infectious diseases and subsequent chronic arterial degenerative 
changes. 

Frothingham,* for example, studied at autopsy the vessels of persons up 
to 40 years, who had died of infectious disease. It is interesting that he found 
demonstrable arterial lesions in those dying of infections or disease complicated 
with the pus-forming cocci. He also studied the arteries of rabbits suffering 
from experimental nephritis the arteries of a cat which had been glycosuric for 
over a year, and of rabbits injected with adrenaline and spartein. All these last 
revealed no arterial lesions. He concluded that although the study has thrown 
no light on the relation between noninfectious toxins and arterial disease, it 
has shown that during acute infectious diseases severe localized arterial lesions 
may occur, 

later he critically analyzed all claims made by those who said they had pro 
duced arteriosclerosis by the injection of various toxic substances or blood 
pressure-raising substances in animals. He concluded that none has sufficient 
grounds for maintaining the successful production of arterial changes analogous 
to those which occur in man. Alcohol has been said by some to produce arterio 
sclerosis, by others it is said to have no effect. 

It seemed that Longcope’s work on the lesions produced by chronic protein 
intoxication should throw some light on the question, but he says* that he was 
unable to find in his animals evidences of arteriosclerotic changes. 

Further search through recent literature has not been rewarded by any 
more definite information. 

The chronicity of the condition and the fact that it is the result of several 
diverse causes led to a clinical research among a group of inmates in the Mil 
waukee County Almshouse and Hospital. These results will be briefly described. 

The material consisted of 500 persons ranging in age from 38 to 90 years. 
There were 412 men and 88 women. So far as possible a careful history was 
obtained with particular attention to the history and severity of various infec 


tious diseases and pyogenic infections. The radial arteries were examined and 


note was made of the degree of palpability. Just palpable and judged to be 
sclerosis are called +; rather easily palpable are called ; very easily palpable, 
beaded arteries were . At the same time the systolic and diastolic blood 


pressures were taken. As there was no relationship shown between blood pres- 


sure and palpable arteries of various grades, this feature has been omitted in the 


Tass I 
DISEASE NO. rt , t POSITIVE NEGATIVI 

Measles 47 10 6 12 28 19 
Infectious arthritis 38 9 6 4 19 19 
Pneumonia 30 5 8 5 18 12 
Typhoid 27 6 8 3 17 10 
Scarlet fever 10 0 0 4 4 6 
Smallpox 14 l 4 0 5 9 
Miscellaneous 12 2 5 2 9 Z 

178 33 37 30 100 78 


*Personal communicatior 
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study. Age had no influence so far as our studies were concerned. Old men 
of 80 had soft arteries while men of 40 had hard, palpable arteries, and no rela- 
tionship could be shown between the infectious diseases and arteriosclerosis at 
different ages. I realize that in a study of this character there is much that may 
with justice be criticized, but certain rather interesting facts were brought out 
which seemed worthy of placing on record. 

The cases were grouped according to history of single disease and those 
with two or more diseases in childhood or early adult life. 

Measles heads the list with 47 cases, 10 were classed as +, 6 as ++, 12 as 
+++, total of 28. No palpable sclerosis was found in 19. Smallpox was the 
only disease in 14 cases. Of these one was +, four were , 9 were negative. 
(See Table I.) 

When we come to examine all those with more or less severe single infec- 
tious diseases, we find 100 cases of sclerosis, 82 occurring in the severe infection 
group and 18 occurring in the mild group. ‘There were 78 cases of definite scle- 
rotic radials who had never had any infections. 

There were 147 cases who had had one or more infections, but in whom 
there was no sclerosis made out. In 105 cases there was no history of infection 
and no evident sclerosis. 

Of the 150 persons with multiple diseases, there were 80 whose radials were 
definitely found to be sclerotic, (37+, 35 ++,8 +++). Seventy-two of these 80 
had infectious diseases of severe nature, 8 had only mild attacks. Seventy 
showed no sclerosis. Forty-four of these had severe infections, 26 had mild 
infections. 

Briefly these figures can be resolved into this table: 

252 cases without sclerosis. 
248 cases with sclerosis. 


147 cases with infections but no sclerosis. 
180 cases with infections and _ sclerosis. 


SUMMARY 


We confess that we began this investigation hoping to show that the infec- 
tious diseases played an important part in the production of arteriosclerosis. We 
are forced to conclude that they play little or no part. Possibly a study and 
tabulation of 5000 cases might lead to some more definite results. Certainly the 
very slight difference in favor of our supposition (from a study of 500 cases) is 


not great enough to be other than accidental. 
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LABORATORY METHODS 


A MODIFIED WASSERMANN TECHNIC BASED UPON THE RAPID 
FIXATION OF COMPLEMENT PRESENT IN HUMAN SERUM* 


By C. J. BartLetr anp A. L. O’Suansky, NEw Haven, Conn 


[i use of a complement-fixation test for syphilis in which the natural com 

plement and the antisheep amboceptor in the patient's own serum are em- 
ployed has become fairly common in controlling the Wassermann test. Probably 
the best known method based upon this principle is that introduced by Hecht’ 
which was modified by Weinberg and still later further modified by Gradwohl.’ 
This Hecht-Weinberg-Gradwohl method will, for the sake of brevity, be referred 
to as the Gradwohl method. After employing this Gradwohl method in a series 
of cases, a further modification was made by us by which it became evident that 
the natural complement of human blood serum combines with great readiness 
with the syphilitic antibody in the presence of lipoidal antigens. This union oc- 
curs much more readily than does that between the same complement and the 
antisheep amboceptor of the patient’s serum in the presence of sheep corpuscles. 
In fact, this is so marked that if the proper quantity of the patient’s serum is em- 
ployed, the sheep corpuscles may be added to the tubes at the same time that 
the lipoidal antigen is added and then incubated without any previous period of 
complement fixation. The results are so constant that it appears that this technic 
may be employed to advantage to control the routine Wassermann test. As the 
patient’s serum in this method is necessarily used without inactivating, there is 
no decrease of the syphilitic antibody as probably occurs in heating serum to 55 
C. for 30 minutes; also as the serum is not incubated at 37° C. before the sheep 
corpuscles are added, there is no destruction of complement and only a minimum 
amount of serum need be used for the test. We have now employed this method 
in a series of 900 cases, paralleled by the routine Wassermann test, with satis- 
factory results. 

It is desirable to describe briefly the technic of the Gradwohl method before 
giving that employed by us. As already indicated, the complement and the anti- 
sheep amboceptor of the patient’s own serum are utilized in this test. Accord- 
ingly in using it there is first determined the amount of 5 per cent suspension of 
sheep corpuscles which is completely hemolyzed by .1 c.c. of the patient’s serum 
and this amount is taken as the “hemolytic index” of that particular serum. 
From this index is then estimated the amount of the corpuscle suspension to be 


used in making the test. In most cases this represents only a fraction of the total 





*From the Pathological Society of the New Haven Hospital. 
1Hecht, Hugo: Wien. klin. Wehnschr., 1909, xxii, 338. 
2Gradwohl, R. B. H.: Jour. Am. Med. Assn., 1914, Ixiii, 240; Ibid., 1917, Ixviii, 514. 
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amount of corpuscle suspension which .1 c.c. of the serum can hemolyze; for ex- 
ample, if this quantity of serum can hemolyze 1 c.c. of the 5 per cent suspension 
of sheep corpuscles, as found in determining the hemolytic index, only one-fifth 
of this amount or .2 c.c. is employed in carrying out the test. In making the 
test itself four tubes are used, the last one serving as a serum control and not 
receiving any antigen, while the other three receive increasing amounts of anti- 
gen. Each tube also receives .1 c.c. of the patient’s serum and a sufficient saline 
solution to equalize the volume in each. They are kept in the water-bath at 37 
C. for thirty minutes, after which the sheep corpuscle suspension in the amount 
computed from the hemolytic index is added to each tube and they are kept in 
the water-bath for thirty minutes longer. The reading is then made. 

\We have tried this method of Gradwohl in 250 cases controlled by the routine 
\Vassermann test and also paralleled by the method about to be described, and it 
has not proved entirely satisfactory. In 14 per cent of the cases no hemo- 
lytic index could be obtained. In about 64 per cent, where an index was obtained, 
it was so low that according to Gradwohl’s own statement, the results of the re- 
action must be regarded as of doubtful value. In this 64 per cent, and in the 
remaining 22 per cent where the index was higher, the results did not agree well 
enough with those of the routine Wassermann test to make the method appear to 
be of great value. Nor did it prove more sensitive than the regular Wassermann 
test. On the contrary, it gave a smaller number of positive tests. This appears 
to be due to the discrepancy between the amount of sheep corpuscles used for 
the test and the entire amount which the same quantity of serum used can hemo- 
lyze as shown in the hemolytic index ; in other words, due to the use of an exces- 
sive quantity of either complement or amboceptor or both. However it is only 
fair to state that the only antigen used by us in making these tests by the Gradwohl 
method was an alcoholic extract of human heart, half saturated with cholesterin. 

The technic of the Gradwohl test for determining the hemolytic index was 
then modified by us by using a definite quantity of sheep corpuscle suspension in 
each tube and finding the smallest amount of the patient’s serum which would 
produce complete hemolysis in 30 minutes in the water-bath at 37° C. The 
amount of sheep corpuscles determined upon was the same as that employed in 
our routine Wassermann test, .1 c.c. of a 5 per cent suspension in each tube, 
the entire quantity of material in the tube eventually being made up to .5 c.c._ The 


technic is shown in Table I. 


TABLE I. 


FINDING THE HEMOLYTIC INDEX IN THE MopiFIED METHOD DESCRIBED. 


Tubes. l _ = 4 5 6 7 8 9 10 
Unheated serum 01 02 03 04 05 06 07 08 09 10 
5% sheep corpuscles.  .1 c¢.c. in each tube. 
85% salt solution Up to 5 c.c. 

Incubate in the water-bath for 30 minutes at 37° C. Shake o¢casionally. Read index. 


The tube containing the smallest amount of serum which shows complete 
hemolysis is taken as indicating the hemolytic index. Thus, if Tube 5 is the one 











120 luk JOURNAL OF LABORATORY AND CLINICAL MEDICINI 


in which hemolysis is complete, the index is 5, indicating that .05 c.c. of that 
particular serum is sufficient to hemolyze .1 c.c. of 5 per cent suspension of sheep 
corpuscles. In about one-sixth of the sera in this series no hemolytic index was 
secured by this first test. In such cases a second series is set up similar to the 
above but having .11 c.c. of serum in the first tube and .01 more in each succeed 
ing tube. In this series, if Tube 5 is the lowest one to show hemolysis, the hemo 
lytic index is 15; that is, .15 c.c. of the serum is required for hemolysis. Over 
SO per cent of the sera in this series, 731 out of 900, gave hemolytic indices be 
tween l and 10. Nearly 12 per cent (105) gave indices between 11 and 20; while 
64, or 7.1 per cent gave no index, showing that .2 c.c. of each of these sera con 
tain too little complement and amboceptor to completely hemolyze this quantity 
of sheep corpuscle suspension. It is to be noticed that the significance of a low 
hemolytic index by this technic is just the opposite from that in the Gradwohl 
method. Here a low index indicates that a serum is strongly hemoyltic for sheep 
corpuscles while in the Gradwohl method, it shows the serum to have a low 
hemolyzing power. 

Especial care must be exercised in determining the hemolytic index to 
make sure that the reading is sufficiently high. That is, if there is the least sus 
picion of any turbidity remaining in a tube when it is compared with one un- 
doubtedly showing complete hemolysis, the one next higher in the series must be 
taken as showing the index. The importance of this is due to the fact that the 
exact amount of serum as determined by the index is to be employed in mak 
ing the fixation test 

In obtaining the hemolytic index, our results do not agree with the statements 
usually made that the sera must be perfectly fresh in order to obtain the index. 
The 900 sera tested were, in the majority of cases, from twenty-four to forty 
eight hours old, though the opportunity presented itself to secure them entirely) 
fresh. At different times we have kept a serum for over a week and still secured 
an index, though at the end of this period this was somewhat higher than it was 
when the serum was fresh. The results obtained indicate that the serum, if kept 
aseptically and in an ice box, will give an index several days after it has been 
obtained, so that the test is applicable under the conditions ordinarily obtaining 
in making the routine Wassermann test in hospital laboratories. Presumably it 
will not prove applicable to sera which are sent from a distance so that they have 
been kept at room temperature for twenty-four hours or more. 

The sera which gave no hemolytic index could not be tested by the method 
described without further modification. In nearly all of the cases here reported 
these sera were excluded as not being suitable for this test. More recently a 
method has been devised by which these also may be tested. This will be de 
scribed later in this paper. The other sera, those giving a hemolytic index, 
were tested, after determining the index, as shown in Table II. 

Each tube receives the serum to be tested and sheep corpuscles, and all ex- 
cept the first one, which is the serum control, also receive an antigen. It is to be 
recalled that this serum is not inactivated and, as shown in the table, is used in 
just sufficient quantity to completely hemolyze the corpuscles present, but with no 


excess. There are, therefore, in each of the last three tubes, complement, anti- 
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TABLE IT. 


Mopiriep Test, Usinc THREE ANTIGENS 


Tubes l 2 3 } 

Unheated serum Indexed amount in each tube 

5% sheep corpuscles 0.1 c.c. in each tube. 

\ntigen, diluted 0) 0.2 cx 0.2 c.c 0.2 ce. 

85% saline solution Up to 0.5 ¢.c. in each tube 

Kee] vate ha = 4 tes w ccasional shaking R 1 the 

The antigen used in Tubs was an alcoholic extract of human heart or guinea pig heart, halt sat I 
th eri r ri lcohol extract of the san tissue; in Tube 4, an acetone insoluble ntiger 


sheep amboceptor, antigen, sheep corpuscles, and, in cases of lues, syphilitic anti 
bodies. The antigens must be strictly nonanticomplementary in the quantities 
used. As there is no period of heating at 37° C. before the corpuscles are added 
and so no appreciable lessening of the amount of complement present, it should 
follow that in all the control tubes and in all of the tubes where the complement 
is not very quickly fixed, hemolysis should occur. This result, we think, is shown 
by our tests. Also, that if hemolysis does not occur because of complement fixa- 
tion in the syphilitic sera, the union, whatever its nature, between this natural 
complement, syphilitic antibody and lipoidal antigens must take place very much 
more rapidly than does that between the same complement, antisheep amboceptor 
and sheep corpuscles. ‘This we believe to be a proper inference from our results. 

\ny serum which shows partial or complex lack of hemolysis in Tubes 2, 
3, or 4+ may then be tested by the scheme shown in Table III to determine the 
degree of inhibition. This test we have made with cholesterinized antigen only, 


as that is the most sensitive of the three antigens emploved. 


TABLE II] 

MopiFiep WASSERMANN TEs, FINAL PositTIVE READING WITH CHOLESTERINIZED ANTIGEN 
Tubes ] 2 3 } 5 
Unheated serum Indexed amount in each tube 
\ntigen, diluted 0) 2 15 l 05 
85% saline solution Up to .5 c.c. in each tube 
he reading is made as in the routine Wassermann test, complete inhibition in Tubes 3, 4 d 

with complete hemolysis i1 Tube 1, being 


Of the 900 sera which we have tested by this method, the first 231 were not 
carried through by the technic of Table II, but after determining the hemolytic 
index, they were tested only with a cholesterinized antigen as shown in Table III. 
The remainder were tested with three antigens and then the positive sera were 
tested as shown in Table ITI. 

In several respects the technic as shown by Tables II and III closely parallel 
that of the routine Wassermann test as carried out by us. In this latter the total 
quantity in each tube is made up to .5 c.c. The amount of sheep corpuscles used 
in each tube is .1 c.c. of the 5 per cent suspension, and all sera are first tested 
with three antigens, using the same quantity as shown in Table II. All positive 
sera are then tested with the quantities of cholesterinized antigen as shown in 


Table III. The contrast between the modified test here described and the routine 
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Wassermann test is seen, first, in the employment of the complement and ambo 
ceptor of the patient’s own serum in the former and, secondly, in the omitting 
in the modified test of any preliminary incubation at 37° C. for the purpose 
of complement fixation. 

In comparing the results of the modified test described and the routine Was 
sermann test, we have obtained in the 900 sera 64 which gave no hemolytic index. 
Of the remaining 836, there were 629 which were negative by both tests, while 
166 were positive by both tests. For the sake of comparison, all have been put 
down as positive which showed even slight inhibition of hemolysis. Thus, 795 
agreed by both tests. Ten sera were positive with the routine Wassermann test 
and negative with the modified test described. Twenty-nine were positive with 
the modified test described and negative with the routine Wassermann test. In 
each of these cases a study of the history of the case was made when possible 
in order to determine which of the two tests gave the more reliable results. The 


summary of this study is given in Tables IV and V. 


TABLE I\ 


PosiItivE READINGS WITH THE ROUTINE WASSERMANN TEST AND NEGATIVE WITH THE MODIFIED 
Test IN 900 SeERA.* 


NO WASSERMANN MODIFIED HE MOLYTK SPECIFIC HISTORY 
TEST WASSERMANN INDEX 

l t+ 0 6 Gastric ulcer, recurrent. 

2 0 6 Gastric ulcer, recurrent. Same as No. 1. 
3 + 0 6 Gastric ulcer, recurrent. Same as No. 1. 
4 =: 0 2 Brother of No. 1. 

5 ++ 0 6 Pain in abdomen. Peritonitis. 

6 + 0 12 Congenital lues. Wassermann 1 yr. ago, +. 
7 0 10 Congenital lues. Other Wassermann tests 

of TT" 

& 0 7 Husband said to have lues. 

9 te 0 5 Negative. Bichloride poisoning. 
10 t 0 6 Negative. Carbolic acid poisoning.** 

‘ *For the sake of comparison, all tests showing even slight inhibition of hemolysis have been included 


Tables IV, V, VI and VII 

**One week later, both Wassermann and modified tests were negative 

In examining these tables it is noticeable that, of the cases in which the 
routine Wassermann test was positive and the modified test negative, only two 
gave a definite history of syphilis, one of these giving only a doubtful positive 
(+) and the other being + +. These were both cases of congenital lues. The 
husband of a third patient in this group was said to be syphilitic. Two of the 
sera giving a 4-positive were from cases of acute poisoning, and one of these, 
which was tested a week later, was then negative. 

In Table V, twenty-nine sera which were positive with the modified test and 
negative by the routine Wassermann test came from twenty-six patients. Twelve 
of these gave a history of syphilis or were suffering from diseases like tabes or 
general paresis which are recognized as being of luetic origin. Several of the 
others gave a + or +, a reaction too weak for a definite diagnosis, but they have 


been included here for the sake of comparison. 











A MODIFIED 








TABLE V. 


WASSERMANN 


TECHNIC 








PosiTIvVE READING WITH THE MopiFieEp TEST AND NEGATIVE WITH THE ROUTINE WASSERMANN 
Test 1N 900 SERA. 


NO WASSERMANN 
TEST 

| 0 
2 0 
3 0 
} 0 
5 0) 
6 0 
7 0 
Pa 0 
9 0 
10 0 
1] 0 
12 U0 
13 0 
14 0 
15 0 
16 0 
17 0 
-18 0 
19 0 
20 0 
21 0) 
22 0 
23 0 
24 0 
5 0) 
26 0 
27 0) 
28 0 
vA!) 0 


MODIFIED 
WASSERMANN 


it 


I+ 


it 


\+ 


It 


|+ 


I+ 


I+ 


HEMOLYTIC 
INDEX 
4 


= 


wi 


-wmnx1isc 


IV bo Ut be 


SPECIFIC 


Tabes. 


HISTORY 


Pulmonary stenosis 
Congenital lues. 


Primary, 
Hemiplegia. 


1916 


Primary, 1916. 
Loss of weight, pain in stomach 


Tabes. 


Tertiary lues. 
Furunculosis 


Spinal fluid, positive ++ 
Primary two years ago. 
Gonorrheal arthritis, 1915. 
Wassermann test, 


General paresis 


Tabes. 


Cerebral syphilis. 
two vears ago. 


Negative. 
Tabes. 


Negative. 


Eczema 


Hemiplegia 


Ulcers of leg. 


Negzative. 

Diagnosis is 
Negative. 
Negative 


\cute pleurisy 


Wassermann positive 


No history of primary. 
Pulmonary stenosis. 
Same as No. 2. 


== 


$4 $3 


> 


lues. Salvarsan treatment 


Furunculosis 
Arthritis. 

No history obtained. 
Diagnosis, cerebellar tumor 


negative. 


Same as 26. 


Spinal fluid 


Made shortly after provoca- 


tive salvarsan 


Wife has syphilis. 


Tabes. 


Same as No 


Spirfal fluid +++. 


In the first 500 sera tested, there were 31 from 30 different patients in which 


a positive result was obtained by each method but in which the modified method 


gave a higher reading than did the routine Wassermann, while in 9 sera the op- 


posite was the case. 


These are given in Tables VI and VII. 


Of the 31 sera where the modified test gave a higher reading, 22 from 21 


different patients gave a history of syphilis or the symptoms were such that a 


diagnosis of luetic infection had been made. 


In addition, one other patient had 


had five abortions, and in a third the placenta had an appearance which was con- 


sidered suspicious of syphilis, while a fourth had osteitis of the tibia. 


in the abov 


e 


spinal syphilis had been made and one of congenital syphilis. 


Included 


were three cases of tabes, four in which the diagnosis of cerebro- 


The variation in 


the degree of complement fixation varied from + by the routine Wassermann 


with ++-4 
latter. 


by the modified method to 


+ by the 


former 


+ by the 


Of the 9 sera from as many different patients in which the routine Wasser- 


mann gave the higher reading, 6 gave a history indicative of syphilis. 





The great- 
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TABLE VI 


3oTH Tests Posiriv MopiFiep MetHop GIVING THE HIGHER READING.* 500 SERA. 


NO WASSERMANN MODIFIED HEMOLYTIC SPECIFIC HISTORY 
rEST WASSERMANN INDEX 
TEST 
l 7 Negative. Necrosis, superior maxilla. 
2 * 5 Primary fourteen years ago. 
3 = += 13 Primary, ten years ago E 
4 = } Negative. Infection, both hands 
bs) : = 10 Secondaries present. 
6 + 4 Cerebrospinal lues. 


= 4 Tabes. Salvarsan treatment 
Primary in 1911. Salvarsan treatment 


1 
' T 
4™i 


9 : = l Pneumonia. 
10 t + 3 Congenital lues 
1] + 5 Primary, three years ago 
12 + 3 Treatment for syphilis for two years 
13 = ~ 5 Five abortions 
14 2 = 5 Pain in chest. Has had KI 
15 = -++= 7 Primary in 1915. Treated with mercury 
16 * ~ 2 Paraplegia. 
7 * 2 Primary, twenty years ago. Furunculosis 
18 - 4 Tabes 
~ 2 Same as No. 17 
- é 5 . Pabes 
a > = 10 Cerebral lues. Hemiplegia 
“- 7 ‘ 4 lreated for lues . 
” t= 5 Primary in 1912. Salvarsan and mercury 
treatment. 
24 : ~ 5 Hemiplegia. 
2s = 2 Placenta suspicious of syphilis. 
26 = 10 Cerebrospinal lues 
= ; : 4 Two stillbirths | | 
" 4 Gumma of rectum Previous Wasser- 
mann, 
29 + 4 Osteitis tibiz. 
30) = 5 Primary four years ago. 
31 = 6 Cerebrospinal lues 
TABLE VII 
Botu Tests Positive. Routine WASSERMANN MeEtTHOop GiviING THE HiIGHER READING 
500 SERA. 
NO WASSERMANN MODIFIED HEMOLYTIC SPECIFIC HISTORY 
TEST WASSERMANN INDEX 
west 
1 5 Primary twenty years azo 
2 2 Syphilis. Miscarriage 
3 8 Epilepsy 
4 2 7 Myocarditis. Emphysema 
5 . 8 Primary six months ago ; 
6 7 Pain in feet. 
7 + ll Latent syphilis. 
8 = 3 No history of primary. Has been treated 
for syphilis. ; 
G : 12 Wassermann, positive (+) three years 


ago 


wr 


4 MODIFIED WASSERMANN TECHNIC 12 
est variation in the two readings here was + + + + to ++. A careful study 
of these Tables, IV, V, VI and VII, in which there is a discrepancy between the 
two tests, leads us to feel that the modified test in this series is not only more 
delicate than the routine Wassermann test but also that it is more accurate ; also 
that it does not give an undue number of false positive tests. We appreciate, 
however, that false positive results do occur at times, even when these are 4- 
positive. Thus, No. 26 of Table V, a case diagnosed as cerebellar tumor, gave 
4-positive by this method and negative by the regular Wassermann, but after a 
provocative dose of salvarsan, it became only a doubtful positive by the modified 
method, and a little later was entirely negative. (nother case, too recent to be 
included in the 900 reported, gave similar results, and is improving under tuber 
culin treatment. 

\mong the 900 sera there have been six which were anticomplementary by 
the routine Wassermann method, using inactivated sera. Of these, two also 
failed to give any hemolytic index with the modified method. Of the other four, 
one, a case of staphylococcus septicemia, gave a hemolytic index of four and was 
negative; one, a case of Banti’s disease, gave an index of 6 and was negative; 
the third, carcinoma involving the bile ducts, gave an index of 6 and was nega- 
tive; and the fourth, a case of congenital syphilis with treatment, with an index 
of 13, gave a weak positive. 

The 64 sera, which gave no hemolytic index, came from a variety of condi- 
tions and did not appear to be particularly related to any one type of disease. In 
attempting to obtain the hemolytic index in samples of sera from placental blood 
and of spinal fluid, it was found that no hemolysis occurred. Either complement 
or amboceptor, or both were lacking. Until recently we have been unable to test 
these for the same reason that the other sera having no hemolytic index could not 
he tested. Recently we have found that by combining in equal quantities a nega- 
tive serum having a comparatively low index, with a serum giving no index or 
with a spinal fluid, the combined serum or serum and spinal fluid, will give a 
hemolytic index and can be tested by the method described. We have as yet ap- 
plied this to only a small number of sera having no hemolytic indices and to a 
small number of spinal fluids, but it apparently makes it possible to test any 
serum and any spinal fluid bw this method. We have not had opportunity to 
apply it as yet to the serum frem placental blood. 

One evident criticism of the method as described is that the quantity of 
serum used in performing the test varies with different sera. Thus one serum 
may have an index of 3, in which case .03 c.c. of serum is used in each tube in 
making the test. Another serum, having a hemolytic index of 15, will have .15 
c.c. of serum added to each tube. We anticipated that this would be a serious ob- 
jection and that this larger amount of serum, when used in our routine Wasser- 
mann test, would give different results than would be obtained in using the ordi- 
nary amount, i.e., .02 c.c. Accordingly, series of Wassermann tests were made 
in which the indexed amount of serum was employed after being inactivated, this 
series being controlled by the routine Wassermann test, using .02 c.c. of serum. 
In no case in which the latter gave negative results did it change to positive when 


the larger amount of serum was used, even though the modified test gave a posi- 
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tive reaction. In a few positive cases, a slightly stronger positive was obtained, 
for example, one giving + +. with .02 c.c. of the serum might give + -++ + +4 

when the indexed quantity was employed. Our results indicate that no material 
change would have been obtained by the routine Wassermann method if the in 

dexed amount of serum had been used in each case. The rapidity of fixation of 
the patient's complement in the presence of lipoidal antigen and syphilitic anti- 
body led us to try a similar technic, using the complement of guinea pig serum and 
antisheep amboceptor of serum from immune rabbits, with no preliminary period 
of incubation for complement fixation. Both the amboceptor and complement 
were carefully titrated and two series of tests were set up. In one of these, one 
unit of complement and one unit of amboceptor were added to each tube. In the 
second series, two units of each were added to each tube. The inactivated serum 
to be tested, antigens and sheep corpuscles were then added in the same quantities 
as in the routine Wassermann test, and placed in the water-bath at 37° C. for 
thirty minutes. In the first series, in which one unit only of complement and 
one unit of amboceptor were used, the serum controls hemolyzed while all of the 
tubes containing cholesterinized antigen, whether negative or positive by the 
routine Wassermann test, failed to show hemolysis, and several of the negative 
sera, tested by the other antigens, showed only partial hemolysis. Using two 
units each of complement and of amboceptor, all of the serum controls hemolyzed 
and most of the tubes containing negative sera, in which the antigen was pres- 
ent, also hemolyzed. A few failed to hemolyze. The tubes containing the post 

tive sera, which also contained antigen, did not hemolvze. ‘There had evidertly 
here been a rapid complement fixation as in the modified test described, but it 
was much less clear cut, and an excess of complement and amboceptor was neces 

sary in order to produce hemolysis. The results are evidently much more delicate 
and reliable when natural complement and the antisheep amboceptor of the pa- 
tient’s own blood are used than they are when the guinea pig complement and 


rabbit antisheep amboceptor are employed. 
SUM MARY. 


\ modification of the Wassermann test is described which employs the nat- 
ural complement and the antisheep amboceptor of the patient’s own serum and in 
which there is no preliminary incubation at 37° C. for complement fixation. The 
method has been found to be more delicate than the routine Wassermann test 
and, according to the results so far obtained, is more reliable. It is not advo- 


cated as a method to replace the routine Wassermann test, but one to be given a 


trial paralleled with that test until its value 1s determined. 
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MEASUREMENT OF THE SPINAL PUNCTURE NEEDLE 
By A. Levinson, M.D., Cuicaco, ILL 


N the course of recent research on spinal fluid it was thought worth while to 
measure the part of the needle introduced into the spinal canal for spinal punc- 
ture. Such a procedure we felt would enable us to ascertain whether the length 
of the needle was constant at different ages, and whether it was possible to 
standardize the length—information that would be of value to the one perform- 
ing the puncture. We interested ourselves particularly in the measurement of 
the needle in spinal punctures performed on children. 
In consulting literature on the subject very little mention of the length of 
the needle was found, the only tabulated information being that of Quincke, the 


TABLE | 


MEASUREMENTS BY QUINCKI 


AGE DEPTH 
11g years 2. cm 
7 ‘ 25 « 
3 
3 
27 (35) cm 
az is 
) 5 
1! 2 
25 1.5 
6 
6.5 (4 /) 
39 5 plus 
22 ; 5.2 


originator of spinal puncture (Table 1). Quincke, however, cites only a few 
cases. 

In measuring the spinal puncture needle we proceeded as follows: 

After obtaining a good flow of fluid the needle was removed from the spinal 
canal. It was grasped between the thumb and the index finger close to the 
patient’s skin, and pulled out. The needle was then measured from the point 
held by the fingers to the tip, expressing the measurements in centimeters. 

In Table II are tabulated the measurements of the needle made on children 
ranging from four months to twelve years. In Table III are tabulated the 
measurements of the needle made in adults of various ages. Owing to lack of 
space we are including but a few of several hundred measurements made. In 
cases where the results at the same age were similar, but one measurement is 
tabulated; in cases where they were different, several of a given age are 
tabulated. In some cases the results of several measurements are given for 


the same patient to show the length of the needle at different punctures. 


As is seen from the above tables, the spinal puncture needle shows a length 
varying from 2.0 to 4.0 cm. in children up to the age of twelve, and a length 
varying from 4.1 to 10.0 cm. in patients over sixteen years of age. The large 
variations shown in the adult chart may be attributed to several factors. 
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TABLE II 


MEASUREMENTS OF NEEDLE IN CHILDREN 


NAMI AGE LENGTH OF NEEDLE IN CM. 
R. R 4 months 2.0 
R. D 5 . bute 
\ T 6 20 
A. S 6 2.3 
I. G. 8) ma 
E. H 7 4.5 
E. G 8 24 
E. G 9 Ya 
a.” 12 2.2 
S. K 12 2.0 
A. N. 14 28 
A. N 14 &2 
. Ss 21 KA 
M. M 22 3.0 
T. K 2 years 27 
Tr. K 2 . 2.1 
Rk. P 2 “7 mos 2.4 
F. W 3 4.0 
). M 3 2.0 
M. H 3 28 
M. K. 3 2.9 
MecM 4 a4 
H 4 2.9 
r. © 4 2.8 
W. J 5 3.2 
rR. 1 6 3.0 
G 7 4.0 
G. M g 3.5 
S. I 8 3.5 
S B 9 3.7 
S. B 9 3.4 
S. B 9 4.0 
E. D 9 3.8 
R \ 10 mi 3.6 
et 12 i a2 
L. G 12 ‘a 3.6 
Physique, thinness or fat, is one factor. Another factor in determining varia- 


tions in the length of the needle is the direction taken by the operator in insert- 
ing the needle; an oblique insertion naturally requiring a greater length of 
needle than a straight insertion. The location of the interspace also determines 
the length of the needle, some clinicians using the space between the 2nd and 
3rd vertebrz as the place of introduction, and others the space between the Ist 
and 2nd vertebre. The higher the point of insertion the greater the measure- 
ment of the needle. Of interest is the fact that the length of the needle varies 
at different punctures in the same patient. This is due to the fact that the canal is 
quite wide and that fluid may be removed whether the needle is near the an- 
terior or near the posterior surface of the canal. 
CONCLUSION 

Although it is difficult to establish an exact standard as to the length of the 

needle in lumbar punctures, it is possible to gain an approximate estimate as to 


the measurement of the needle in patients of different ages. Our investigation 
showed a length varying from 2 to 2.5 cm. in children under one year of age; 





TABLE III] 


MEASUREMENTS OF NEEDLE IN ADULTS 


NAMI AGE LENGTH OF NEEDLE IN CM. 
5. G 16 years 5.4 
om 20 - 48 
* 25 a 5.0 
P 26 7 5.3 
K 27 e 5.8 
Mrs. ID 29 = 4.9 
L 29 ‘i Te 
a < 30 5.6 
E 30 45 
LD) 30 5.4 
H 30 aa 
E 30 5.8 
a & 30 5 6 
é 31 535 
| i 31 10.0 (very fat) 
Mrs. D ae a 
A. ¢ 33 4.] 
I N 33 5.3 
M 34 5.1 
x 34 5.2 
S. G 34 4.5 
S 34 46 
M 35 
M 35 48 
X 35 25 
H 36 4] 
M. W 37 Sa 
IG 37 : 55 
D 37 5.9 
S S 38 5.0 
3 39 - 7.0 (very fat) 
S 40 ai 6.0 
' 40 " 6.4 
M 40 vi 4.9 
VM 40 a 5.0 
x 40 4 6.4 
E 42 ij 5.0 
W. 4¢ 6.3 
K 43 4.5 
M. B 44 4.9 
J. A 44 5.8 
\W 44 25 
S 45 ee 
F. 46 2g 4.9 
Mrs. B 48 " 4.9 
M 48 = 5.3 
L, 48 _ $.5 
S 52 52 
x 53 ou 
, 53 10.0 (very fat) 
3 53 6.0 
H 54 ue 
\ 55 ae 
s 55 6.7 
D a i 5.4 
\ 57 5.6 
M. R 60 $.] 
F. 60 5.9 
K. 60 _ 6.0 
B 60 5.9 
S 61 r 5.9 


W 65 ge 8.0 
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2.0 to 3.5 em. in children between one and two years of age; 2.0 to 4.0 cm. in 
children two to four years old; 2.8 to 4.0 in children four to seven years old, 
and 3.2 to 4.0 in children 7 to 12 years old. After the age of sixteen, the 


variation ranged from 4.1 to 10 cm., the greatest number running between 4.5 


and 5.8 cm. 


A DEVICE FOR ACCURATE PIPETTING* 
By Leonarp R. THuompson, B. S., Napa, CALIF. 


HE apparatus consists of a large syringe, two stands, one burette clamp, one 

spring clamp of a special kind, a clamp attachment to fasten the spring 
clamp to a stand, and various types of pipettes. 

The syringe should be one of 20 or 25 c.c. capacity, and preferably, although 
not necessarily, one with a heavy, solid glass piston. The piston must fit the 
barrel of the syringe well. The piston, just previous to use, is covered with 
a thin coat of vaseline to insure smoothness of movement, and to keep it 
stationary when so desired. On the nipple, ordinarily used for attaching a 
needle, is placed a short piece of rubber tubing of good quality, and about one 
and one-half inches in length. 

The syringe is fixed, by means of the burette clamp, to one stand in hori- 
zontal position. This stand, unless it has a heavy base, should be weighted to 
steady the apparatus. The mouth end of the pipette is inserted securely into 
the rubber tubing. The end of the pipette is best when tapered, as shown in 
the accompanying illustration, to facilitate slipping it into the rubber tube. 
The pipette is clamped securely to the other stand in a vertical position by 
means of the spring clamp. This clamp may be easily made of two pieces of 
wood, and a strong rubber band. The jaws are toothed to hold the pipette 
more firmly, and they are beveled at the end to make it easier to slip the pipette 
in. The diagram explains its simple construction. The rubber connection 
between pipette and syringe must be perfect, otherwise, the pipette will not 
hold the fluid. The pipettes used may be of a variety of types, varying from 
small capillary pipettes to large graduated pipettes. 

The apparatus is operated in the following manner: The piston is pushed 
in to within a short distance of its entire length, but not its entire length. The 
fluid to be measured is brought to the pipette tip, and the plunger of the syringe 
drawn out until the desired amount of fluid is in the pipette. The fluid is then 
delivered in the required amounts into the receptacles placed under the pipette, 
by revolving the piston on its long axis and at the same time gently pushing in- 
ward. With this arrangement perfect control of the quantity to be delivered is 
secured. 

The writer finds the apparatus to be very useful in performing the Wasser- 
mann test, the Widal test, and other work in which accurate measurements of 


*From the Napa State Hospital, Napa, Calif. 
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DEVICE FOR ACCURATE PIPETTING 








small and large quantities are necessary. In the Wassermann test, one-tenth 
cubic centimeter quantities of serum are delivered with the greatest ease and 
accuracy. If the pipettes are tapered at the mouth end, they may be changed 
with great rapidity so that there is no time lost in this process. The device 
has the advantage of delivering with ease the reagents directly into the 
bottom of the tube. It is easily controlled, because the pipette is always in a 
position where a perfect view of it may be had. This is important in withdraw- 
ing serum from small quantities of blood. 

The writer uses a graduated ten cubic centimeter pipette for delivering 


complement, salt solution, cells, and amboceptor. By this means these reagents 


on 
P 
4 
5 > 
7 \ ee 
> 
A 
e SQ) 
KL A —~—s 
ul » KC 
( . ~~ 
a 
a 
| 
} 
ts 
A device for accurate pipetting A, rubber tubing; B, toothed jaw f wooden spring clamp; 
C, stout rubber band; D, capillary pipette with sloping end for insertion in rubber tube, A; FE, beveled 
end of pipette for easy insertion in tube, A. 


are delivered in the desired amounts accurately and rapidly. The following il- 
lustrates the usefulness of the apparatus in Widal tests. Recently the writer 
desired to deliver one capillary drop of serum to each of twelve tubes from a 
quantity of fourteen such drops. The twelve drops were delivered with two 
drops remaining in the capillary pipette. 

It is hardly necessary to point out that the use of this apparatus removes 
the disagreeable task of pipetting syphilitic serum, typhoid cultures, chemicals, 
and the like, by means of the mouth method. 








AN INEXPENSIVE COLORIMETER* 
By J. W. Werr, OKLAHOMA City, OKLA. 


| ke colorimeter described was constructed because of the demand in our 
laboratory for an instrument that would be capable of giving accurate 
hgures and yet would allow of more rapid manipulation than the types now be 
ing sold. It can be constructed by any person who can handle tin shears and 


soldering-iron, while its accuracy is essentially a question of the accuracy 


with which the standards are constructed. 

The instrument consists of a metal box, containing an illuminating globe 
at one end in front of which is placed a sheet of ground glass to diffuse the 
light. The samples are placed in front of opening A through a hole provided 
in the top of the box. A rack, containing standard bottles, slides through open 


ings provided in the sides of the box, and passes before opening B 
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The light rays passing through bottles in front of A and B are reflected 


from mirror surfaces onto ground glass C. ‘These mirrors are separated by a 
metal partition Y which also serves to divide C into two surfaces. A metal 


extension surrounds the ground glass C in order to eliminate external light 
rays. Colors produced in a sample can be matched very accurately by the stand 
ards, since the two illuminated fields are so close together. Also, the eye is not 
confused by a multiplicity of standards being in the range of vision at one time. 

\ pointer Y is soldered to the side of the box and indicates numerals on 


the side of the standard rack which express the value of the standard bottle in 


“Ps the Clinical and Research Laboratories of the Wesley Hospital, Oklahoma City, Okla 
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AN INEXPENSIVE COLORIMETER 


front of the opening B. This allows a quick determination of just which stand 
ard is in position within the box. It will be found necessary to place an extra 
sheet of ground glass in front of sample at opening A since the rays passing 
through this opening traverse less space in reaching the ground glass C. This 
additional piece of ground glass should be adjusted to or from the source of 
lluminaticn until both halves of ground glass C are evenly illuminated. 

We are using this instrument in the determination of blood and urine 
sugar, creatinine, alkali reserve; also in the preparation of standard strength 
vaccines; in fact, for any work in which the standards are transparent enough 
to pass light rays. The standards in each case were prepared from known solu 
tions of the material to be determined, and were then matched by inorganic 
coloring materials in order that a permanent standard be obtained. For in 
stance, potassium bichromate solutions are used to simulate the color reactions 
produced by creatinine. The standard racks are constructed to carry the num 
ber of standard bottles which will cover the possible range which is to be found 
in the materials tested. The instrument, as constructed by us, uses two cubic 
centimeters, vaccine ampules, these giving approximately one-half inch of fluid 


for comparison. 
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EDITORIALS 


Disordered Action of the Heart Among Soldiers 


t ew british Medical Research Committee has issued a report upon this sub- 
ject prepared by Lewis, the expert on the heart. The urgent need for the 
services of every fit man in the war has apparently led to a close study of dis 
turbances of the heart’s action as disqualifying men for military duty. To tell 
anyone, and especially a soldier, that he has heart disease or even a functional 
disorder of this organ, is likely to disturb his equilibrium and impair his effec 
tiveness. British army officers have been in the habit of labeling their cases 
D.A.H. (disordered action of the heart) or V.D.H. (valvular disease of the 
heart), but these symbols do not deceive Tommy Atkins, and often mislead his 
physicians because they do not, in a large proportion of cases, give a correct idea 
of the true condition. It will be remembered that as long ago as our Civil War, 
medical officers used the indefinite designation of “irritable heart,” which has 
been continued more or less in civil life. 

British medical officers now propose the term “effort syndrome,” which 
is found in a variety of pathologic states, as in early heart disease, in early tuber- 
culosis, and in exophthalmic goiter. But it is also found with much greater 


frequency in soldiers without signs of structural change in any organ. Refer- 
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ence to the heart prejudices not only the treatment of the soldier, but to a large 
degree, his return to duty. 

The “effort syndrome” comprises the following symptoms, stated in the 
order of their importance: (1) Breathlessness, exaggerated by exercise or emo- 
tion, is a constant symptom. Occasionally it is manifest at rest, rarely in 
paroxysms. (2) Pain is not constant, but frequent, varying in degree from 
precordial discomfort to anginal in character and distribution; especially intens1- 
fied by exercise. (3) Exhaustion, usually provoked by sustained effort, is an 
almost constant symptom. It is in excess of that due to fatigue in healthy men. 
It may be a continuous symptom, and it is not only physical, but mental. (4) 
Giddiness is almost constant and is associated with change of position and in- 
creased effort. Fainting is less common and owes its chief importance to its 
incapacitating effect. (5) Palpitation is frequent, especially during and after 
increased effort. (6) Headache is frequent, of the frontal, throbbing type, and 
often severe after increased effort. (7) Lassitude, even at best, is often present, 
while coldness of hands and feet and swelling of the extremities and excessive 
perspiration of the body are common. (8) Irritability of temper, sleeplessness, 
shakiness, and flushing are common, especially the three last named. A disin- 
clination to take alcohol in any form, sometimes for conscientious reasons, but 
as commonly from distaste, is a frequent and remarkable association. 

The signs found on examination are equally distinctive and are as follows: 
(1) Increased heart rate is observed under all circumstances, but the char- 
acteristic fact is that the increase under emotion, exercise, and posture is 
greater than in normal subjects. (2) The systolic pressure is unduly increased 
by exercise or emotion. (3) Diffusion of the apex beat to several rib spaces and 
forcible or jerky impulses are frequent, as is also concentration of the heart 
sounds. (4) Intermittence of the heart or irregularity accompanying respira 
tion, especially when deepened, is not uncommon. 
the most part are normal, but slight and fleeting elevations as high as 99.5 
(6) Exercise causes exaggerated respiration. (7) The 


(5) Temperature charts for 
or 
even 100° are not rare. 
palms and soles are frequently wet and cold, while tremor of the hands is the 
rule. (8) The urine is strongly acid and frequently deposits oxalates on cool- 
ing. (9) The capillary leucocytic count is high. 

Cardiovascular experts sort out their cases as follows: In a preliminary 
examination the following groups are eliminated as unfit for service: (a) Those 
in whom signs of pulmonary tuberculosis or frank exophthalmic goiter are dis- 
covered. (b) Those who present unmistakable signs of heart disease; namely, 
instances of well-defined initial stenosis, aortic regurgitation or aneurysm; in- 
stances in which there is an appreciable displacement of the heart’s apex beat 
to the left; instances in which there is a grave form of cardiac irregularity. 

In regard to cardiac murmurs, the following statements are made: “When 
a soldier presents the characteristic low pitched rumbling murmur in diastole 
and at the apex beats, or when an early diastolic murmur, maximal at the level 
of the second costal cartilage, is associated with the water-hammer pulse, then, 
by common consent, he is unfit for duty. Instances of systolic murmurs at base 
of apex can not be treated similarly. In the absence of other disqualifying signs 
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or symptoms it is wise entirely to neglect such murmurs in soldiers. ‘This con 
clusicn is at variance with much current teaching, and the reasons for insist 
ence upon are, therefore, given in full: (a) Systolic murmurs at base of apex 
indicate valvular lesions only exceptionally; there is no conformity of opinion 
as to the character or conduction of systolic murmurs indicating valvular lesion. 
(b) The extent of mitral valve damage which produces a systolic murmur alone 
is relatively slight; the disease is often limited to the valve, the heart’s muscle 
which is the essential part of the organ being wholly undamaged. (c) Patients 
who are invalided on the ground of systolic murmurs alone are subsequently 
found when tested to be fit for active service in nearly all instances. <A large 
number of men who present such murmurs are known to have passed the most 
severe ordeals of active service without accident. (d) If a group of patients 
who present no murmurs and a similar group in whom systolic murmurs exist 
are tested in regard to efficiency in work, no difference is to be found in the 
capacity of the two groups. ‘The estimate of fitness or unfitness for service can 
ke gauged with considerable accuracy without reference to such murmurs; as 
soon as murmurs of systolic time are taken into consideration the issue becomes 
contused. 

Auscultation is the least valuable method employed in sorting soldiers suj 
fering from cardiovascular derangements; the sorting can almost always be 
effected without its aid. 

With reference to cardiac enlargements, the following is given: “An 
appreciable increase of dullness to the left of the sternum, a strong impulse be- 
yond the nipple line, are the most satisfactory guides to enlargement. An exten- 
sion of the impulse to several rib spaces is emphatically unreliable as a sign of 
cardiac dilation (as tested by accurate x-ray measurements). In estimating the 
size of the heart, allowance for the weight of the man should be made. Enlarge 
ment, when discovered, is a clear indication of future incapacity.” Concerning 
cardiac irregularities the following is said: “Intermittence of the pulse and 
regular groupings of the pulse beats should not be taken into account; they are 
not physical signs of heart disease and do not incapacitate. The only irregularity 
of consequence in soldiers is a persistent irregularity of a very disorderly type, 


which does not disappear when the heart is accelerated during or immediately 


after exercise. As to the detection of early heart disease, the following state 
ment is made: “The fear of overlooking early heart disease, and the widely felt 


difficulty of its diagnosis is chiefly responsible for hesitancy in dealing with the 
men, and for blunders in classing them for duty and discharge. Here again 
actual experience is the only safe guide. It may be taken as an axiom that 
no soldier, who is free from symptoms on duty, has an affection of the heart 
which incapacitates him, and this axiom may be adopted irrespective of any 
unusual sign found in the heart. Now, actual heart diseases in young soldiers, 
in the absence of a history of rheumatic fever or syphilis is a comparative rarity. 
When there is a history of rheumatic fever, and especially when symptoms date 
from rheumatic fever, the question of diagnosing a heart lesion need only rarely 
arise; for, whether it exists or not, the history and symptoms alone will almost 


always declare incapacity; it is a matter of experience that these men rarely re- 
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turn to active service, and if they return, the subsequent stay in hospital will 
greatly outweigh the duration of duty performed. In regard to syphilis, it is 
reasonable that among those who exhibit signs and symptoms of the syndrome 
considered, a history of syphilis or a positive complement-fixation test is very 
rare. Venereal diseases, like alcoholism, is conspicuous by its absence from the 
histories of these soldiers. When the first sorting has been accomplished upon 
the lines indicated, any further attempt to diagnose organic disease of valves o1 
muscles should not be attempted, for, if attempted, it will in the best of hands 
prove unprofitable; in inexpert hands it will often prove disastrous.” 

\ second, rapid sorting leads to the elimination of the following groups: 
(1) Those in whom the onset of symptoms dates from rheumatic fever, or in 
whom there has been recurrent rheumatic fever. (2) Those in whom breath 
lessness on exertion is found to be persistently severe. (3) Those in whom pre 
cordial pain prevents exercise. (4) Those with a persisténtly high pulse rate 
(120 or above), even when recumbent. (5) Those in whom a single exercise 
test, such as ascending 30 steps, produces objective signs of distress, an anxious 
expression, a respiratory rate of 35 or over which persists while the patient lies, 
or a pulse rate which fails to fall within five beats of the pre-exercise level in 
lving for two minutes. (6) Those in whom the symptoms are moderate, but 
have teen of many years’ duration. ‘This class includes those who pass up 
games in school or who left heavy work in civil life on account of symptoms. 

\ final sorting follows subjecting the men to graduated exercise and ob 
serving the effect. “That a man’s observed capacity to accomplish work of a 
given order is the only dependable test of such capacity would seem self-evident ; 
yet it is the experience that medical officers rely more upon physical signs ob- 
tained while the subject is at rest. A. final sorting can not be accomplished 
efficiently in this manner. In selecting a candidate for a post as typist, it is not 
only Ly questionings, it is not by examining the configuration of the hands or 
the electrical response of the muscles that the desired knowledge of deftness and 
accuracy in working is to be obtained. The decisive test is an exercise upon the 
machine which will be used. It is true that specific anatomic defects may divulge 
incapacity; but it is equally true, on the one hand, that anatomic imperfections 
do not necessarily unfit; and, on the other hand, that seeming anatomic per 
fection is no criterion of manipulation, power, or skill. The heart provides no 


exception from these clearly sound propositions.” 


Tuberculosis and the Army 


. is stated that since 1865 the death rate from tuberculosis has fallen with 

almost ever increased velocity. Cobbett' states that irregularities have 
occurred owing to fluctuations in the conditions of life favorable or unfavorable 
to consumptive persons. In favorable periods many consumptives may span 
their lives a few years further, whereas in unfavorable times these lives will be 
shortened. An extreme incident of this is quoted by Cobbett as occurring dur 
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ing the siege of Paris in 1870-1871. There was an enormous mortality from 
tuberculosis during this period. A temporary fall from 1872 to 1880 followed 
this rise. The death rate from tuberculosis in Paris only in 1880 again reached 
the height it had averaged before the siege (1865-1880). 

Such history it would appear is being repeated on a colossal scale in France 
during the present conflict. Biggs,’ in an excellent account of his French in 
vestigations for the Rockefeller Foundation, has described the acceleration in 
the consumptive death rate due to the severity of modern warfare on troops 
none too carefully selected at its onset. France has always neglected her tuber- 
culosis problems, and her death rate before the war from this disease was three 
times as great as that of England, which has the lowest tuberculosis rate of any 
great country In Paris, as an example, one in every four deaths was certified 
as due to tuberculosis. 

The study of data from the siege of Paris and data collected by Biggs 
further strengthens the conception, so well expounded by Bushnell,’ Baldwin,' 
Fishberg® and others in this country, that pulmonary tuberculosis originates from 
bacilli already planted in the individual, rather than from tubercle bacilli from 
without or from another consumptive. As Krause® has so well expressed it, an 
individual is as safe against tuberculosis as the strength of the “capsule” or 
“shell” of the tubercle already planted in his body. 

Stress, strain, exhaustion, and various infections can so weaken this de 
fensive capsule that large or small numbers of tubercle bacilli may become dis 
tributed in a hypersensitized system and can then overwhelm or sicken the 
victim. 

Probably as a result of the experience of France our Surgeon-General has 
wisely distributed Tuberculosis Boards composed of experts, to examine all men 
in the United States Army, National Guards, and Drafts. Such boards are, we 
understand, finding that about one per cent of the soldiers have somewhat ad 
vanced pulmonary tuberculosis, and about four per cent have quiescent pul- 
monary lesions. If five thousand such men are disqualified, out of an army of 
half a million, great good will be done for these men and also for the govern 
ment. The four per cent of men with inactive lesions will probably continue 
in service, and time will tell of their future. 

It is very doubtful if medical science can yet boast of great refinement in 
the art of diagnosis of pulmonary tuberculosis. In other words, no method is 
yet available for estimating the strength of the “capsule” in the tuberculizable. 
Physique is a poor criterion, for we all know how athletes and robust looking 
men can quickly succumb. 

Soldiers with advanced lesions, who are now being weeded out, can often 
be detected with little physical examination; at times, merely by inspection. 
There will undoubtedly be more than the four per cent, marked with slight 
lesions, who will suffer from tuberculosis in the next few years, and many so 
listed will not succumb. In peace times with a standing army of about seventy- 
five thousand men, Fort Bayard is usually full with a quota of four hundred 
odd consumptives. What will be the result on our troops from the stress of 


trench warfare can not yet be foretold. England brought her army together 
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slowly and carefully, and it is understood that so far no serious numbers of 
tuberculous men are being cared for. Canada has had about one per cent of 
her men returned with active disease. The outbreak of pulmonary tuberculosis, 
which must occur in the United States Army, will be watched with more than 
usual interest during the next few years. 
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Lymphocytes and Cancer 


N recent editorials we have reviewed the theory and experiments of Murphy’ 

and his collaborators on the function of the lymphocyte in cancer and tuber- 
culosis. Murphy, it will be remembered, considers the lymphocyte an important 
factor in the resistance of the individual to both these diseases, and his experi- 
mental work, and that of his colleagues has seemed quite convincing. Never- 
theless, the recent reports of Sittenfield and Stevenson cast some doubt upon the 
valuable activities of these cells of lymphoid type. 

Sittenfield? concludes, from his experiments, that a high degree of lympho 
cytosis, caused either by subcutaneous injections of pilocarpin or by intravenous 
introduction of leucocytic cream from rats that had received stimulating doses 
of x-ray, affords neither a protective nor a defensive mechanism against tumor 
inoculation. He also says that naturally immune rats, subjected to repeated 
doses of x-ray which caused a very low lymphoid cell content of the blood, 
remained refractory to the Flexner-Jobling tumor ; and further, he states, neither 
increase nor decrease of the lymphoid elements in the blood had any influence 
upon either resistance or susceptibility to tumor growth. 

It had been noticed in the earlier experiments of Murphy that tumor cells 
grew well in embryos during the period before the appearance of cells of the 
lymphoid type. It was this observation which led to the later series of experi 
ments. But now comes Stevenson,*® who, after a series of experiments, concludes 
that all the tumors he used grew without hindrance in the chick embryo in the 
presence of adult chicken spleen. 

As is too often the case, there now exist two series of researches, dealing 
with the same problem, and diametrically opposed to one another. It may be 
that both are true. It may be that the methods of handling the tissues, or the 
time relations in the two series of experiments are essential in giving such dif 
ferent results. It is possible that the lymphocytic reaction in cancers is totally 
extraneous, so far as the resistance reactions of the hosts are concerned, and 
that the basic fact is one which concerns the physicochemical state of the inocu- 
lated material. The work of Novy‘ opens new fields when one is dealing with 
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colloids. In this connection one might recall the fact that sterile filtrates of 


Rous’ chicken sarcoma cause tumors, and that this phenomenon leads Ewing® 
to believe that in that instance one is dealing with a chemically transmissible 
virus. 

BIBLIOGRAPHY 


‘four. Lab. and Clin. Med., 1916, i, 538; Ibid., 1917, ii 


2Sittenfield: Jour. Cancer Research, 1917, ii, 151. 
Stevenson: Jour. Cancer Research, 1917, ii, 245. 

4Novy: Jour. Infect. Dis., 1917, xx, 536, 566, 589, 618, 629. 
Ewing 


25 


Jour. Cancer Research, 1916, i, 71; Jour. Lab. and Clin. Med., 1916, i, 6 














